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u.  Ab.troet  vThis  document  provides  the  Coast  Guard  with  the  results  of  baseline 
capacity,  overcharge,  and  state-of-charge  tests  conducted  on  five  candidate 
secondary  batteries  for  photovoltaic  power  systems.  Three  candidate  batteries 
(DELCO-REMY,  GLOBE  UNION,  and  J.  C.  PENNY)  were  sealed,  low  maintenance  type 
lead-acid  batteries  with  lead-calcium  grids.  The  fourth  candidate  (ESB  WILLARD) 
was  a  vented  charge  retaining  lead-acid  battery  constructed  with  high  purity  thick 
lead  grids.  The  fifth  candidate  secondary  battery  was  a  pocket  plate  type  nickel- 
cadmium  battery  (NIFE).  Tests  were  also  performed  on  cycled  ESB-WILLARD  batteries 
that  had  been  operated  seven  years  in  solar  photovoltaic  power  systems. 

Equilibrium  voltage  measurements  at  two  temperatures  (-20C,  50C)  for  various 
charge  rates  at  80,  90  and  100%  state'- of-charge  were  completed  on  all  batteries. 
This  information  can  be  used  to  set  voltage  regulation  points  and  temperature 
compensation  coefficients  for  each  battery. 

Failure  analysis  of  the  batteries  cycled  seven  years  in  photovoltaic  power 
systems  revealed  moderate  sulfation  of  the  negative  plates  and  a  moderate  amount 
of  sediment  in  the  bottom  of  the  battery  case.  Three  to  five  additional  years  of 
cycling  is  estimated  for  these  batteries. 

The  nickel -cadmium  batteries  do  not  appear  to  be  suitable  for  this  application 

due  to  their  low  charge  efficiency  at  low  charge  rates.  - 

The  lead-calcium  grid  batteries  have  similar  electrical  characteristics  to  the 
pure-lead  grid  batteries.  Further  testing  is  necessary  to  evaluate  if  their  opera¬ 
tional  life  would  be  comparable  to  the  pure-lead  charge  retaining  batteries  in 
photovoltaic  power  systems. _ 


17,  K*y  Words 

Lead-Acid  Battery  Equilibrium  Voltage| 

Secondary  Battery  Photovoltaic 

Nickel -Cadmium  Battery 
Performance  Characteristics 


18.  Distribution  Statement 

This  document  is  available  to  the  public 
through  National  Technical  Information 
Service,  Springfield,  Virginia  22151 


19.  Security  Clossif.  (of  this  report) 

30.  Security  Clossif.  (of  this  poge) 

31*  No.  of  Pages 

22.  P'.c 

UNCLASSIFIED 

UNCLASSIFIED 

93 

Form  DOT  F  1700.7  (8-72) 


Reproduction  of  completed  poge  outborized 


FINAL  REPORT 
OF 

PERFORMANCE  CHARACTERISTICS  OF  FIVE  CANDIDATE 
SECONDARY  BATTERIES 
FOR 

PHOTOVOLTAIC  POWER  SYSTEMS 


Prepared  for: 

U.  S.  Coast  Guard  Comnandant  (G-DST-1) 
Washington,  DC  20593 


Prepared  by: 

Weapons  Quality  Engineering  Center 
Naval  Weapons  Support  Center 
Crane,  IN  47522 


Under 

MIPR  Z70099- 1-01422 


I 


NOTICE 


This  document  is  disseminated  under  the  sponsorship  of  the  Department 
of  Transportation  in  the  interest  of  information  exchange.  The  United 
States  Government  assumes  no  liability  for  its  contents  or  use  thereof. 

The  contents  of  this  report  do  not  necessarilv  reflect  the  official  view 
or  policy  of  the  Coast  Guard;  and  they  do  not  constitute  a  standard, 
specification,  or  regulation. 

This  report,  or  portions  thereof  may  not  be  used  for  advertising  or 
sales  promotion  purposes.  Citation  of  trade  names  and  manufacturers 
does  not  constitute  endorsement  or  approval  of  such  products. 
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Report  Brief 

Performance  Characteristics  of  Five  Candidate 
Secondary  Batteries 
for 

Photovoltaic  Power  Systems 
Ref:  (a)  U.  S.  Coast  Guard  MIPR  Z  70099-1-01422 

I.  TASK  ASSIGNMENT 

A.  Conduct  a  test  program  to  obtain  the  performance  characteristics 
of  one  type  or  model  of  secondary  battery  from  each  of  five  different 
manufacturers.  These  battery  types,  as  selected  by  the  U.  S.  Coast  Guard, 
were  subjected  to  test  parameters  simulating  conditions  the  batteries  may 
be  subjected  to  if  deployed  in  an  aid  to  navigation.  Therefore,  the  per¬ 
formance  characteristics  obtained  will  identify  those  batteries  which  are 
suitable  for  use  with  photovoltaic  power  systems.  Testing  was  conducted 
and  funded  under  the  conditions  as  outlined  by  reference  (a). 

B.  Lead-acid  type  batteries  from  four  manufacturers;  Delco-Remy, 

Globe  Union,  J.  C.  Penney  (manufactured  by  Gould  or  Delco),  and  ESB 
(Willard);  were  purchased  and  evaluated  on  the  test  program.  Also, 
evaluation  of  cycled  Willard  type  batteries,  that  were  received  from  the 

U.  S.  Coast  Guard's  Research  and  Development  Center  in  Groton,  Connecticut, 
which  had  previously  been  operated  for  seven  years  in  a  photovoltaic 
power  system,  were  evaluated  to  compare  their  performance  with  new  batteries 
of  the  same  type. 

C.  A  nickel -cadmium  pocket  type  battery,  manufactured  by  NIFE,  was  also 
evaluated  on  the  test  program. 

D.  A  total  of  18  batteries,  three  of  each  type,  were  subjected  to 
baseline  capacity,  overcharge  and  state-of-charge  tests. 

II.  CONCLUSIONS 

A.  Capacity  determination  testing  is  a  means  for  evaluating  a 
manufacturer's  quality  control  in  production  of  his  batteries. 

B.  The  state-of-charge  of  a  battery  can  be  determined  by  knowing  its 
temperature,  voltage,  and  charge  current,  and  then  applying  this  information 
to  its  proper  performance  characteristic  curves. 

C.  Lead-acid  type  batteries: 

1.  A  minimum  of  eighty  percent  of  rated  capacity  can  be  expected 
to  be  obtained  using  low  charge  and  discharge  rates  (Cm/100)  at  20°C, 
regardless  of  how  the  manufacturer  rates  his  batteries. 

2.  Expect  a  capacity  loss  of  35  to  70  percent  at  the  -20°C 
temperature  and  an  increase  of  S  to  30  percent  at  the  50°C  temperature. 
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3.  Equilibrium  battery  voltages  vary  between  the  different  types 
of  batteries  with  those  voltages  at  -20®C  being  from  .7  to  1.2  volts  higher 
than  those  at  50**C. 

4.  Water  loss  Is  significant  at  the  C/67  to  C/33  charge  rates 
when  the  batteries  are  being  overcharged  and  the  loss  at  50‘*C  Is  slightly 
more  than  that  at  -20**C. 

5.  Although  only  the  Willard  type  batteries  could  be  compared, 

it  is  expected  that  only  slight  differences  would  occur  In  the  performance 
characteristics  between  new  and  cycled  (over  5-years  life)  batteries  If 
the  batteries  were  designed  for  operation  In  a  photovoltaic  power  system 
similar  to  that  proposed  by  the  U.  S.  Coast  Guard. 

D.  Nickel -cadimum  pocket  type  batteries: 

1.  A  Cm/100  charge  rate  Is  not  efficient  for  these  type  batteries 
in  that  only  80  to  85  percent  of  rated  capacity  can  be  expected  to  be 
delivered  at  20*C.  An  increase  in  the  charge  rate  to  a  minimum  of  Cm/20 
should  result  in  100  percent  of  rated  capacity  delivered.  To  incorporate 
a  nickel -cadmiun  battery  into  a  photovoltaic  power  system  requires  a  basic 
change  in  the  present  design  philosophy.  In  order  to  overcome  the  batteries 
low  charge  efficiency  at  low  charge  rates,  the  solar  array  current  output 
would  have  to  be  greatly  increased  relative  to  the  battery  capacity  to 
increase  the  charge  rate  to  a  region  where  the  nickel -cadmium  battery 
efficiently  accepts  charge.  A  hypothetical  power  system  with  a  nickel- 
cadmium  battery  would  be  configured  with  a  10  ampere-hour  battery  and 

a  50  to  100  watt  solar  array  vice  the  present  design  of  a  10  watt  array 
with  a  100  ampere-hour  lead-calcium  battery.  This  hypothetical  system 
would  not  have  the  large  capacity  reserve  of  the  present  design  and  would 
also  be  more  expensive.  A  large  reduction  in  the  price  of  solar  arrays 
would  improve  the  economics  of  a  nickel -cadmium  photovoltaic  power  system. 

2.  Expect  minimum  loss  of  capacity  at  -ZO^C  and  although  the 
capacity  test  at  SO^C  also  showed  irinimum  loss  at  this  temperature,  it 
can  be  expected  that  a  SO^C  operating  temperature  will  greatly  reduce 
the  life  of  these  batteries  whereas  a  0®C  to  10®C  will  result  in  maximum 
life. 


3.  Battery  voltages,  when  fully  charged,  are  approximately  2.5 
volts  higher  at  -20®C  than  at  50°C. 

4.  Weight  loss  is  minimum  at  both  the  -20°C  and  50°C  test 
temperatures. 

III.  RECOMMENDATIONS 

A.  Lead-acid  type  batteries  should  be  deployed  in  photovoltaic  power 
systems  with  emphasis  placed  on  those  batteries  designed  for  this  type  of 
operation.  Various  types  of  lead-calcium  grid  batteries,  which  are  readily 
available  from  a  national  retail  outlet,  are  electrically  compatible  with 
a  photovoltaic  power  system.  However,  further  testing  is  necessary  to 
evaluate  their  life  expectancy. 
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B.  Capacity  determination  tests  should  be  performed  on  all  batteries 
placed  In  service.  These  tests  may  be  reduced  to  battery  lot  testing  If 
a  high  confidence  level  Is  achieved. 

C.  Charge  efficiency  curves,  for  candidate  batteries,  should  be 
generated  using  various  low  charge/discharge  rates  that  the  batteries 
would  be  subjected  to  In  a  photovoltaic  power  system. 

D.  Efforts  should  be  continued  to  keep  abreast  of  new  advancements 
In  battery  technology  in  that  continuing  efforts  are  being  pursued  by  the 
battery  manufacturers  to  improve  their  products.  One  example  is  a  new 
lead-acid  battery  (Cathanode)  and  is  manufactured  by  GNB  Batteries, 

a  division  of  Gould,  Inc.  This  battery  is  intended  for  automotive 
use,  however,  it  may  prove  feasible  for  photovoltaic  applications. 

It  is  advertized  to  deliver  40  percent  more  energy  than  other  lead- 
acid  batteries  of  comparable  dimensions.  The  cost  is  approximately 
$90  and  is  available  at  national  outlet  stores. 
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Final  Report 
of 

Performance  Characteristics  of  Five  Candidate 
Secondary  Batteries 
for 

Photovoltaic  Power  Systems 

I.  INTRODUCTION 

A.  A  major  mission  of  the  U.  S.  Coast  Guard  is  the  task  of  establishing 
and  maintaining  maritime  aids  to  navigation.  Specific  aids  are  located  along 
the  coastline  and  waterways  of  the  United  States  and  its  possessions. 

1.  Approximately  14,000  of  the  approximately  50,000  aids  now  being 
maintained  provide  a  light  signal  at  night.  Most  of  these  signals  are  powered 
by  air-depolarized  primary  batteries  whose  source  life  is  one  to  three  years. 

2.  The  most  significant  battery  cost  involved  with  the  existing  system 
is  having  a  ship  and  crew  frequent  the  aid  site  due  to  battery  problems.  Also, 
battery  replacement  costs  and  the  disposition  of  expended  batteries  are  major 
cost  items. 

B.  For  the  last  several  years,  the  Coast  Guard  has  been  involved  with 
developing  a  solar  photovoltaic  power  system  with  secondary  batteries  to 
power  these  lighted  aids.  Viork  has  progressed  to  the  point  where  approx¬ 
imately  1200  of  these  aids  should  be  converted  to  photovoltaic  power 
during  the  next  two  years. 

C.  An  optimum  secondary  type  battery  for  a  photovoltaic  power  system 
would  accept  charge  efficiently,  withstand  overcharge  currents  without 
damage  or  significant  water  loss,  and  have  a  moderate  life  expectancy 

(4  to  6  years).  Logistically,  it  would  be  an  advantage  for  the  Coast 
Guard  if  the  battery  were  available  at  national  retail  outlet  stores. 

This  would  reduce  warehouse  facilities  and  facilitate  exchange  of 
depleted  batteries,  thereby  reducing  overhead  expense. 

1.  The  Naval  Weapons  Support  Center,  Crane,  Indiana  conducted  a  test 
program  (Appendix  A)  to  obtain  the  performance  characteristics  of  one 

type  or  model  of  secondary  battery  from  each  of  five  different  manufac¬ 
turers.  The  test  parameters  v/ere  selected  to  subject  the  batteries 
to  conditions  which  they  may  experience  if  deployed  in  an  aid  to  nav¬ 
igation,  thereby  allowing  the  U.  S.  Coast  Guard  to  identify  those 
batteries  whose  performance  characteristics  are  suitable  for  use  with 
photovoltaic  power  systems. 

2.  A  total  of  15  new  batt  *‘ies  and  '  previously  cycled  batteries  were 
subjected  to:  (a)  Baseline  Capacit.  -ts-  -etermine  the  batteries  actual 
capacity,  20®C,  (b)  Overcharge  Tests  ictennine  the  batteries  equilibrium 
voltage  at  six  different  charge  rates  both  at  the  -20°C  and  50°C  test  tempera¬ 
tures,  and  (c)  State-Of-Charge  characteristics  at  the  90  and  80  percent  levels 
for  six  charge  rates  both  at  the  -20®C  and  50°C  test  temperatures. 

3.  Testing  began  8  October  1981  and  ended  17  September  1982. 
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II.  TEST  BATTERY  SAMPLES 

A.  Three  batteries  of  each  type/model  were  subjected  to  the  test  program. 
They  were  wired  in  series  avoiding  any  series/parallel  configurations.  The 
batteries  purchased  from  the  five  manufactureres ,  as  were  selected  by  the 
U.  S.  Coast  Guard,  were: 

Willard  Model  DD-3-3 

Willard  (Cycled)  Model  DD-3-3 
Delco-Remy  Model  2000 

J.  C.  Penney  Survivior  72 

Globe  Union  6C  12550-3A 

WIFE  L-302-2 

1.  The  Willard  batteries  were  6-volt  lead-acid  type  batteries  with  a 
manufacturer's  rating  of  100  ampere-hours  and  P/N  8241.  The  cycled  batteries 
had  7  years  operation  in  a  photovoltaic  power  system  at  the  U.  S.  Coast  Guard's 
Research  and  Development  Center  in  Groton,  Connecticut.  These  batteries  wer 
tested  to  compare  characteristics  with  new  batteries  of  this  type.  The  battery 
is  rectangular  and  has  the  automobile  type  terminal  post.  The  battery  is 
unsealed,  although  purchased  with  spill  proof  vents,  in  that  electrolyte 
levels  may  be  adjusted.  The  manufacturer  classifies  this  as  a  charge  retaining 
battery,  but  it  has  the  same  basic  components  and  electrochemical  reactions  as 
the  standard  lead-acid  battery.  The  charge  retaining  battery  components  are 
constructed  of  high-purity  materials  (lead  grids)  with  thick  positive  and 
negative  pT.  -s. 

2.  The  Delco-Remy  batteries  were  rectangular  12-volt  lead-acid  type 
batteries  with  a  manufacturers  rating  of  96  ampere-hours.  The  batteries  have 
lead-calcium  alloy  grids,  are  maintenance  free,  were  sealed  with  pressure 
relief  valves,  and  have  the  automobile  type  terminal  posts.  The  manufacturer 
stated  that  this  battery  was  designed  for  solar  cell  applications. 

3.  The  J.  C.  Penney  batteries  were  rectangular  12-volt  lead-acid  type 
batteries,  with  a  manufacturers  rating  of  66  ampere-hours.  The  batteries 
have  lead-calcium  alloy  grids,  are  maintenance  free,  were  sealed  with  pressure 
relief  valves,  and  have  the  automobile  type  terminal  posts.  These  batteries 
are  manufactured  by  Gould  and  Delco  for  J.  C.  Penney. 

4.  The  Globe  Union  batteries  (Type  A)  were  rectangular  12-volt  lead- 
acid  type  batteries  with  a  manufacturer's  rating  of  55  ampere-hours.  The 
batteries  have  lead-calcium  alloy  grids,  are  maintenance  free  having  gelled 
electrolyte,  were  sealed  with  pressure  relief  valves,  and  have  the  automobile 
type  terminal  posts.  There  are  two  types  of  these  batteries,  types  A  and  B, 
in  which  the  manufacturer  states  that  the  type  A  is  most  suited  for  the 

U.  S.  Coast  Guard's  application. 

5.  The  WIFE  "batteries"  consisted  of  ten,  1.2  volt  nickel -cadmium 
pocket  type  cells  connected  in  series  to  obtain  a  12  volt  battery  with  a 
manufacturer's  rating  of  66  ampere-hours.  The  cell  cases  were  constructed 
of  translucent  polypropylene  plastic  with  flame  arresting  flip  top  vents  and 
the  electrolyte  (alkaline)  level  in  the  cells  are  adjusable.  The  cells 
have  screvv-type  terminal  posts. 


WQEC/C  83-75 


III.  TEST  PROGRAM 

A.  Baseline  Capacity  Determination  Tests  -  To  determine  the  batteries' 
actual  capacity  when  subjected  to  three  low  rate  (Cm/100)  charges  and 
discharges,  at  a  test  temperature  of  20®C,  in  which  Cm  *  the  manufacturer's 
rated  capacity,  no  matter  how  the  battery  was  rated.  Cut-off  values  on 
discharge  were  5.25  and  10.50  volts  for  the  6  and  12  volt  batteries,  respec¬ 
tively.  Manufacturing  quality  control  would  also  be  indicated  by  the  variance 
in  capacity  for  each  manufacturer's  batteries.  The  results  of  these  tests  are 
contained  in  Table  I. 

1.  General  observations  during  these  tests  were: 

(a)  The  J.  C.  Penney  and  Globe  Union  batteries  delivered  106.5 
percent  and  104.7  percent  of  rated  capacity,  respectively,  during  their  third 
capacity  test.  The  Delco-Remy  batteries  delivered  97.3  percent  and  th®  other 
type  batteries  delivered  from  82  to  85  percent. 

(b)  Battery  capacity  variance  was  very  slight  for  each  manufacturer' 
type  batteries  except  the  Willard's  where  the  capacity  of  the  new  batteries 
ranged  from  74.6  to  88.7  ampere-hours  and  the  cycled  batteries  ranged  from 
80.6  to  89.6  ampere-hours. 

(c)  The  capacity  of  the  NIFE  batteries  dropped  with  each  capacity 
test  performed;  but  this  is  not  unusual  for  new  nickel -cadmium  batteries  when 
they  are  first  placed  into  operation. 

2.  The  value  C  referred  to  in  the  overcharge  and  state-of-charge 
evaluation  tests  was  the  average  capacity  value  of  each  manufacturer's 
batteries  as  obtained  during  their  last  baseline  capacity  test. 

B,  Overcharge  Evaluation  Tests  -  To  determine  the  batteries  overcharge 
characteristics  at  six  different  charge  rates  which  were  C/33,  C/40,  C/50, 

C/67,  C/100  and  C/200.  These  characteristics  were  obtained  at  the  -20°C  and 
50°C  test  temperatures. 

1,  The  test  procedure  was  such  that  the  batteries  were  charged  for  95 
hours  at  their  C/100  rate  and  then  the  charge  current  was  increased  to  C/33 
until  the  batteries  reached  equilibrium.  The  current  was  then  reduced  to  the 
C/40  rate  till  equilibrium  was  reached  and  then  repeated  for  the  C/50,  C/67, 
C/100  and  C/200  rates.  Following  test  completion  of  the  first  two  samples  of 
batteries  (Willard  -  new  and  cycled),  the  procedure  was  modified  in  that 
following  equilibrium  at  the  C/200  rate,  the  test  was  repeated  by  reversing 
the  order  of  the  charge  rates  by  going  to  C/100  back  up  to  C/33.  The  purpose 
of  this  test  change  was  to  note  if  there  were  any  significant  changes  in  a 
batteries  equilibrium  voltage,  when  going  from  a  high  rate  to  a  low  rate 
charge  and  vice-versa.  Only  the  J.  C.  Penney  and  Globe  Union  type  batteries 
were  subjected  to  this  test  modification  as  it  did  not  have  a  significant 
effect  on  their  equilibrium  voltages. 
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TABLE  I 

CAPACITY  TEST  DATA 


Capacity  (Ampere-Hours) 


Battery 

Capacity* 

Temp. 

Discharge**  CM 

Battery 

Battery 

Battery 

■  Type  - 

Test  # 

(“C) 

Rate 

or  C 

#1 

#2 

#3 

Average 

Willard 

1 

20 

Cm/100 

100 

77.2 

84.0 

89.5 

83.6 

(New) 

2 

20 

Cm/100 

100 

74.3 

85.6 

88.4 

82.8 

3 

20 

Cm/ 100 

100 

74.6 

82.7 

88.7 

82.0 

Willard 

1 

20 

Cm/ 100 

100 

79.6 

75.3 

91.2 

82.0 

(Cycled) 

2 

20 

Cm/100 

100 

82.1 

77.6 

89.9 

83.2 

3 

20 

Cm/ 100 

100 

84.7 

80.6 

89.6 

85.0 

Delco-Remy 

1 

20 

Cm/100 

96 

96.4 

95.6 

93.1 

95.0 

2 

20 

Cm/100 

96 

94.7 

94.7 

92.3 

93.9 

3 

20 

Cm/ 100 

96 

94.3 

94.0 

91.9 

93.4 

4 

-20 

C/100 

93 

29.5 

28.5 

29.7 

29.2 

5 

50 

C/100 

93 

122.6 

108.9 

122.1 

117.9 

J.  C.  Penney 

1 

20 

Cm/ 100 

66 

60.9 

61.3 

67.9 

63.4 

2 

20 

Cm/ 100 

66 

73.1 

67.7 

65.7 

68.8 

3 

20 

Cm/ 100 

66 

69.2 

70.6 

71.0 

70.3 

4 

-20 

C/100 

70 

42.3 

46.3 

44.7 

44.4 

5 

50 

C/100 

70 

87.5 

85.2 

81.9 

84.9 

Globe  Union 

1 

20 

Cm/100 

55 

57.0 

57.9 

57.3 

57.4 

2 

20 

Cm/ 100 

55 

57.8 

57.1 

57.3 

57.4 

3 

20 

Cm/ 100 

55 

57.9 

57.0 

57.8 

57.6 

4 

-20 

C/100 

58 

34.2 

35.2 

35.0 

34.8 

5 

50 

C/100 

58 

59.9 

63.7 

62.2 

61.9 

NIFE 

1 

20 

Cm/ 100 

66 

68.5 

69.3 

66.8 

68.2 

2 

20 

Cm/ 100 

66 

62.4 

64.1 

57.4 

61.3 

3 

20 

Cm/ 100 

66 

55.8 

54.9 

54.7 

55.1 

4 

-20 

C/100 

55 

52.3 

53.3 

51.3 

52.3 

5 

50 

C/100 

55 

49.1 

48.6 

51.8 

49.8 

*  Tests  1 ,  2 

,  and  3  were 

the  base 

line  tests; 

tests  4 

and  5  were 

performed  following 

the 

state-of-charge  tests  at  the  indicated  temperatures.  The  Willard  batteries  were  not 
subjected  to  tests  4  and  5  as  they  completed  test  prior  to  the  change  in  the  test  pro¬ 
cedure  which  first  incorporated  thesfe  tests. 

**Cni  is  the  manufacturer's  rated  capacity  and  C  is  the  battery  types  average  mean  capacity. 
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2.  General  observations  during  these  tests  were: 

(a)  Equilibrium  voltages  at  -20®C  were  higher  than  those  at  50®C 
with  the  range  being  .7  to  1.2  volts  for  the  lead-acid  type  batteries  and 
2.5  volts  for  the  nickel -cadmium  batteries. 

(b)  Calculation  of  the  standard  deviation  values,  showed  that 
during  the  -20“C  tests,  the  greatest  battery  voltage  variations  were  exhibited 
by  the  Hillard  (Cycled)  batteries  at  the  C/100  and  C/200  charge  rates,  and  the 
J.  C.  Penney  batteries  at  each  of  the  six  charge  rates.  The  Willard  (Cycled) 
batteries,  C/40  to  C/200  charge  rates,  and  the  Globe  Union  batteries,  C/67  to 
C/200  charge  rates,  exhibited  the  most  variation  during  the  50“C  tests. 

Minimum  variations  during  these  tests  were  shown  by  the  new  Willard  batteries 
at  -20°C  and  the  Delco-Remy  and  NIFE  batteries  at  50°C. 

(c)  Equilibrium  voltages  of  the  new  Willard  batteries  were  .2  to 
.6  volts  higher  than  those  which  had  previously  been  cycled  for  7  years.  This 
shows  that  the  end-of-charge  voltages  of  pure  lead  batteries  do  decrease  as 
their  life  progresses. 

(d)  The  J.  C.  Penney,  Globe  Union,  Delco-Remy  and  NIFE  batteries 
took  a  minimum  of  18  hours  to  reach  equilibrium  at  the  C/33  rate  at  50°C. 

(e)  Electrolyte  leakage,  at  the  pressure  relief  valves,  of  one  of 
the  J.  C.  Penney  batteries'  occurred  during  the  50°C  tests. 

(f)  VJeight  loss,  as  a  measure  of  a  battery's  water  consumption  by 
evaporation  and  electrolysis,  was  greatest  when  overcharging  at  the  C/33  rate. 
The  overall  weight  loss  during  the  50°C  tests  was  slightly  more  than  the  -20°C 
tests.  The  Delco-Remy  batteries  did  exhibit  the  largest  loss  during  these 
tests. 


(g)  There  was  no  significant  difference  exhibited  in  weight  loss 
between  the  tv/o  groups  of  Willard  batteries. 

3.  Equilibrium  voltages  and  weight  loss  per  hour  for  each  charge  rate, 
were  plotted  for  each  type  of  battery  at  -20°C  and  50°C  and  are  contained  in 
Appendix  B.  Only  the  last  three  data  points  prior  to  changing  the  charge  rate 
were  plotted.  The  data  from  which  these  graphs  v/ere  plotted  is  contained  in 
Appendix  C. 


C.  State-of-Charge  Evaluation  Tests  -  To  determine  the  batteries  state- 
of-charge-characteri sties  at  the  90  and  80  percent  levels,  as  generated  by 
C/100  discharges  for  10  and  20  hours,  for  charge  rates  of  C/33,  C/40,  C/50, 

C/67,  C/100  and  C/200.  These  characteristics  were  obtained  at  the  -20°C  and 
50°C  test  temperatures. 

1.  The  procedure  was  such  that  the  batteries  were  discharged  at  C/100 
for  10  hours  (corresponding  to  the  90  percent  level),  recharged  at  the  C/33  rate 
until  100  percent  of  the  capacity  removed  was  returned  and  then  placed  on  stand 
for  12  hours  at  which  time  the  sequence  would  begin  again  except  using  the  next 
charge  rate.  When  the  90  percent  level  was  completed  for  all  six  charge  rates. 
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the  sequence  would  start  over  except  the  discharge  time  would  be  20  hours  which 
corresponds  to  the  80  percent  level.  These  tests  began  at  the  -20‘’C  test 
temperature  and  when  they  were  completed,  the  test  was  repeated  at  50®C.  Fol¬ 
lowing  test  completion  of  the  first  two  samples  of  batteries  (Willard- new  and 
cycled),  the  procedure  was  modified  in  that  the  recharge  time  was  extended  to 
provide  a  maximum  of  175  percent  return  of  the  capacity  removed  or  until  the 
batteries  reached  equilibrium.  Also,  a  capacity  test  was  performed  at  -20*0 
and  50*C  following  completion  of  the  state- of- charge  tests  at  these  temperatures. 

2.  This  test  was  to  provide  information  that  would  allow  the  Coast 
Guard  to  directly  determine  a  batteries  state-of-charge  by  knowing  its  voltage 
and  charge  rate  at  either  -20®C  or  50®C,  providing  the  batteries  state-of-charge 
was  not  less  than  80  percent.  Also,  this  data  should  provide  the  means  to 
determine  these  states  at  other  battery  operating  temperatures. 

3.  General  observations  during  these  tests  were: 

(a)  The  state-of-charge  voltages  of  all  the  batteries  were  higher 
during  the  tests  performed  at  -20°C  than  those  at  50®C.  Also,  their  end-of- 
discharge  voltages  were  higher. 

(b)  Comparison  of  the  two  types  of  Willard  batteries,  new  and  cycled, 
showed  that  the  state-of-charge  voltages  of  the  new  batteries  ranged  from  .11  to 
.25  volts  higher  during  the  -20°C  tests  and  .08  to  .12  volts  higher  during  the 
50®C  tests. 


(c)  Erratic  behavior  was  noted  by  one  of  the  J.  C.  Penney  batteries 
when  it  began  its  bO^C  tests.  Voltages  of  this  battery  were  out  of  line  with 
the  other  two  batteries,  of  this  type,  and  its  voltage  also  fluctuated  during 
the  discharge  and  stand  portions  of  the  test.  Leakage  was  noted  at  its  pressure 
relief  valves  during  this  time. 

(d)  Water  loss,  as  measured  by  weight  change  during  these  tests, 
occu»"red  during  charging  as  the  batteries  reached  their  equilibrium  state. 

The  Willard  type  batteries  did  not  exhibit  a  significant  loss  during  charge 
as  they  were  not  charged  to  an  equilibrium  state  as  these  batteries  completed 
test  prior  to  the  change  in  the  test  procedure  which  required  the  batteries 
to  be  charged  to  equilibrium  or  175  percent  return  of  the  capacity  removed. 

4.  Charge  rate  versus  state-of-charge  voltage  plots  for  each  test 
temperature  are  contained  in  Appendix  D.  It  should  be  noted  that  the  state- 
of-charge  voltage  values,  which  were  plotted  for  the  80  and  90  percent  curves, 
are  those  values  obtained  2.4  minutes  at  the  start-of-charge  following  each 
discharge.  Values  obtained  during  the  overcharge  evaluation  tests  were  used 
for  the  100  percent  curves.  Standard  deviation  values  are  also  shown  on  these 
graphs.  The  data  from  v/hich  these  graphs  were  plotted  along  with  end-of- 
discharge,  charge,  and  stand  voltages,  including  water  loss  during  these 
periods,  is  contained  in  Appendix  E. 

(a)  Environmental  chamber  problems  occurred  prior  to  the  C/50 
rate  recharge  during  the  80  percent  state-of-charge  test  at  -20°C.  This 
affected  the  NIFE  and  Delco-Remy  type  batteries  in  that  they  had  a  stand 
period  of  58  hours  prior  to  their  start-of-charge  at  the  C/50  rate.  This 
stand  period  caused  a  large  fluctuation  in  the  NIFE  batterie's  curve;  but 
only  resulted  in  a  slight  variation  in  the  curve  for  the  Delco-Remy  batteries. 
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(b)  Dotted  lines  were  drawn  on  the  graphs  to  represent  expected 
values  if  hardware  or  battery  variations  hadn't  occurred. 

5.  Results  of  the  capacity  tests  performed  on  these  batteries,  except 
the  Willard  types,  following  their  state-of-charge  tests  at  each  temperature 
were  as  follows: 

1.  The  lead-acid  type  batteries  showed  a  significant  loss  of 
capacity  at  -20®C  with  the  Delco-Remy  batteries  delivering  only  29  percent  of 
actual  capacity.  The  nickel-cadmium,  NIFE  batteries  delivered  95  percent  of 
actual  capacity. 

2.  The  NIFE  cells  delivered  90  percent  of  actual  capacity  at  50“C 
whereas  all  the  lead-acid  type  batteries  delivered  in  excess  of  their  actual 
capacity.  The  Delco-Remy  and  J.  C.  Penney  batteries  delivered  in  excess  of 
120  percent  and  the  Globe  Union  batteries  delivered  107  percent. 

0.  Failure  Analysis  -  Visual  tear-down  analysis  was  performed  by  Crane 
on  four  Willard  batteries  that  had  7  years  operation  in  a  photovoltaic  power 
system  at  the  U.  S.  Coast  Guard's  Research  and  Development  Center  in  Groton, 
Connecticut.  The  batteries  were  identified  as  UlA,  UIB,  U2A  and  U2B  by  Groton 
and  UlA  and  UIB  were  cycled  there  as  a  12-volt  battery  as  v/as  U2A  and  U2B. 
Batteries  UlA,  UIB,  and  U2A  were  subjected  to  this  test  program  and  were 
designated  as  the  Willard  (Cycled)  type  batteries,  1,2,  and  3  respectively. 

1.  Shedding  of  the  positive  plate  active  material  was  evident  in  all 
the  batteries  with  approximately  1/2  inch  of  sediment  in  the  bottom  of  the  cell 
jars.  This  was  approximately  half  of  the  allowed  available  space  for  sediment 
before  shorting  would  occur.  The  negative  plates  of  the  batteries  were  sul- 
fated  with  the  sulfation  of  U2  batteries  being  slight  when  compared  with  the 
other  two.  Corrosion  was  noted  on  the  positive  terminals  of  each  battery  and 
slight  corrosion  of  the  negative  terminals  of  the  U2  batteries.  The  case 
sealant  of  each  battery  was  cracked  and  the  U2  batteries  had  slight  hot  spots 
located  in  their  separators  below  their  fill  ports  in  the  cells  which  were 
tore  open.  These  spots  may  have  been  caused  by  a  thermometer  being  pushed 
down  into  the  separator  prior  to  testing  at  Crane.  Battery  UlA  had  a  glass 
mat  adhere  to  its  positive  plate.  The  negative  plates  and  grids  of  each 
battery  were  in  good  condition  with  no  loss  of  active  material.  Based  on 
these  results,  three  to  five  additional  years  of  cycling  is  estimated  for 
these  batteries  before  failure  would  occur. 

2.  Analysis  results,  including  photographs,  are  contained  in  Appendix  F 
which  indicates  the  condition  of  those  items  listed. 

IV.  DATA  MANAGEMENT 

A.  During  these  tests,  the  Automatic  Data  Acquisition  and  Control  System 
(ADACS),  described  in  Appendix  G,  was  prograrmed  to  record  the  data  at  the 
start  and  end  of  discharge,  charge  and  stand  periods,  and  at  l-hour  intervals 
during  the  Baseline  tests,  15-minute  intervals  during  the  overcharge  tests, 
and  30-minute  intervals  during  the  state-of-charge  tests.  Periodically,  this 
data  was  sorted  and  merged  so  that  data  of  each  test  for  that  period  of  time 
would  be  together. 
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1.  There  were  approximately  25,200  records  written  on  raw  data  tapes 
that  have  been  reduced  to  9  master  tapes. 

2.  The  data  is  contained  on  9  track,  EBCDIC,  1600  bpi,  magnetic 
computer  tapes. 

3.  Copies  of  this  data  on  tape  are  available  for  cost,  with  the 

U.  S.  Coast  Guard's  concurrence.  The  data  can  be  made  compatible  to  be  read  by 
other  systems.  Also,  hard  copies  of  the  data  is  readily  available  at  minimal 
cost. 

V.  CONCLUSIONS 

A.  Capacity  determination  testing  is  a  means  for  evaluating  a  . 
manufacturer's  quality  control  in  production  of  his  batteries. 

B.  The  state-of-charge  of  a  battery  can  be  determined  by  knowing  its 
voltage  and  charge  current,  and  then  applying  this  information  to  its 
proper  performance  characteristic  curves. 

C.  Lead-acid  type  batteries: 

1.  A  minimum  of  eighty  percent  of  rated  capacity  can  be  expected 
to  be  obtained  using  low  charge  and  discharge  rates  (Cm/lOO)  at  20®C, 
regardless  of  how  the  manufacturer  rates  his  batteries. 

2.  Expect  a  capacity  loss  of  35  to  70  percent  at  the  -20®C  temp¬ 
erature  and  an  increase  of  5  to  30  percent  at  the  50®C  temperature. 

3.  Equilibrium  battery  voltages  vary  between  the  different  types 
of  batteries  with  those  voltages  at  -20'’C  being  from  .7  to  1.2  volts  higher 
than  those  at  50°C.  Therefore,  regulator  temperature  compensation  coeffic¬ 
ients  should  be  based  on  observed  equilibrium  voltage  temperature  coefficients. 

4.  Water  loss  is  significant  at  the  C/67  to  C/33  charge  rates 
when  the  batteries  are  being  overcharged  and  the  loss  at  50°C  is  slightly 
more  than  that  at  -20®C. 

5.  Although  only  the  Willard  type  batteries  could  be  compared, 

it  is  expected  that  only  slight  differences  would  occur  in  the  performance 
characteristics  between  new  and  cycled  (over  5-years  life)  batteries  if 
the  batteries  were  designed  for  operation  in  a  photovoltaic  power  system 
similar  to  that  proposed  by  the  U.  S.  Coast  Guard. 

D.  Nickel-cadimum  pocket  type  batteries: 

1.  A  Cm/100  charge  rate  is  not  efficient  for  these  type  batteries 
in  that  only  80  to  85  percent  of  rated  capacity  can  be  expected  to  be 
delivered  at  20®C.  An  increase  in  the  charge  rate  to  a  minimum  of  Cm/20 
should  result  in  100  percent  of  rated  capacity  delivered.  To  incorporate 
a  nickel-cadmium  battery  into  a  photovoltaic  power  system  requires  a  basic 
change  in  the  present  design  philosophy.  In  order  to  overcome  the  batteries 
low  charge  efficiency  at  low  charge  rates,  the  solar  array  current  output 
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would  have  to  be  greatly  Increased  relative  to  the  battery  capacity  to 
Increase  the  charge  rate  to  a  region  where  the  nickel -cadini urn  battery 
efficiently  accepts  charge.  A  hypothetical  power  system  with  a  nickel- 
cadmium  battery  would  be  configured  with  a  10  ampere-hour  battery  and 
a  50  to  100  watt  solar  array  vice  the  present  design  of  a  10  watt  array 
with  a  100  ampere-hour  lead-calcium  battery.  This  hypothetical  system 
would  not  have  the  large  capacity  reserve  of  the  present  design  and  would 
also  be  more  expensive.  A  large  reduction  In  the  price  of  solar  arrays 
would  Improve  the  economics  of  a  nickel -cadmium  photovoltaic  power  system. 

2.  Expect  minimum  loss  of  capacity  at  -20®C  and  although  the 
capacity  test  at  50°C  also  showed  minimum  loss  at  this  temperature.  It 
can  be  expected  that  a  50®C  operating  temperature  will  greatly  reduce 
the  life  of  these  batteries  whereas  a  0®C  to  lO^C  will  result  In  maximum 
life. 


3.  Battery  voltages,  when  fully  charged,  are  approximately  2.5 
volts  higher  at  -20“C  than  at  50®C. 

4.  Weight  loss  Is  minimum  at  both  the  -20®C  and  50“C  test 
temperatures. 

VI.  RECOMMENDATIONS 

A.  Lead-acid  type  batteries  should  be  deployed  in  photovoltaic  power 
systems  with  emphasis  placed  on  those  batteries  designed  for  this  type  of 
operation.  Various  types  of  lead-calcium  grid  batteries,  which  are  readily 
available  from  a  national  retail  outlet,  are  electrically  compatible  with 

a  photovoltaic  power  system.  However,  further  testing  is  necessary  to 
evaluate  their  life  expectancy. 

B.  Capacity  determination  tests  should  be  performed  on  all  batteries 
placed  in  service.  These  tests  may  be  reduced  to  battery  lot  testing  if 
a  high  confidence  level  is  achieved. 

C.  Charge  efficiency  curves,  for  candidate  batteries,  should  be  gen¬ 
erated  using  various  low  charge/discharge  rates  that  the  batteries  would 
be  subjected  to  in  a  photovoltaic  power  system. 

D.  Efforts  should  be  continued  to  keep  abreast  of  new  advancements 
in  battery  technology  in  that  continuing  efforts  are  being  pursued  by  the 
battery  manufacturers  to  improve  their  products.  One  example  is  a  new 
lead-acid  battery  (Cathanode)  and  is  manufactured  by  GNB  Batteries,  a 
division  of  Gould,  Inc.  This  battery  is  intended  for  automotive  use, 
however,  it  may  prove  feasible  for  photovoltaic  applications.  It  is 
advertised  to  deliver  40  percent  more  energy  than  other  lead-acid  bat¬ 
teries  of  comparable  dimensions.  The  cost  is  approximately  $90  and  is 
available  at  national  outlet  stores. 
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A.  PURPOSE 

1.  The  purpose  of  this  document  is  to  outline  a  test  program  to  obtain 
the  performance  characteristics  of  secondary  batteries.  Evaluation  of  these 
characteristics  by  the  U.  S.  Coast  Guard  will  determine  the  suitability  of 
various  batteries  to  power  the  U.  S.  Coast  Guard's  lighted  aids  to  navigation, 
utilizing  a  photovoltaic  charging  system. 

B.  OBJECTIVE 

1.  The  objective  is  to  develop  a  test  plan,  that  when  implemented,  will 
provide  the  U.  S.  Coast  Guard  with  performance  characteristics  of  various 
types/models  of  batteries  from  different  manufacturers.  The  test  parameters 
will  subject  the  batteries  to  conditions  which  may  be  experience  if  utilized 
in  an  aid  to  navigation,  thereby  allowing  the  U.  S.  Coast  Guard  to  identify 
those  batteries  suitable  for  use  with  photovoltaic  power  systems. 

C.  TEST  PLAN 

1.  The  test  plan,  as  outlined  in  enclosure  (1),  is  designed  to  provide 
information  pertaining  to  various  performance  characteristics  of  secondary 
batteries.  The  plan  consists  of  three  main  parts  and  a  description  of  each 
part  is  as  follows: 

(a)  Baseline  Capacity  -  determination  of  the  batterie's  actual 
capacity  when  subjected  to  three  low  rate  (Cm/ 100)  charges  and  discharges 
in  which  Cm  =  manufacturer's  rated  capacity,  no  matter  how  the  battery  is 
rated.  Also,  the  manufacturer's  quality  control  in  producing  these  batteries 
will  be  indicated  by  the  variation  in  capacity.  The  test  temperature  will 
be  ZO^C. 


(b)  Overcharge  -  determination  of  the  batteries  overcharge  charac¬ 
teristics  at  six  different  charge  rates  ranging  from  Ca/33  to  Ca/200  in  which 
Ca  =  average  actual  capacity  of  the  batteries.  A  Tafel  Curve  (voltage  X  time 
for  each  rate)  can  be  generated  for  each  battery  which  will  indicate  the 
equilibrium  state  of  each  type  of  battery  at  each  rate.  These  characteristics 
will  be  evaluated  at  -20°C  and  50°C. 

(c)  State-of-charge  -  determination  of  the  state-of-charge  charac¬ 
teristics  at  the  90  and  80  percent  level  for  the  same  charge  currents  as  in 
part  2.  Various  performance  characteristic  curves  for  each  battery  may  be 
generated  from  this  test.  Evaluation  will  be  at  -20°  and  50°C. 

2.  Water  Loss: 

(a)  Determination  of  the  water  loss,  during  the  various  parts  of 
the  test  plan,  is  desirable  in  that  an  evaluation  of  each  batterie's  loss 
will  have  to  be  assessed  to  determine  its  maintenance  or  replacement  schedule 
if  deployed  in  an  aid  to  navigation  system. 

(b)  Measurement  of  this  loss  is  extremely  difficult  as  the  weight  of 
a  battery  may  be  30  kilograms  and  the  loss  will  need  to  be  measured  in  tenths 
of  a  gram.  Investigation  has  found  that  only  one  manufacturer,  Toledo  Scales, 
can  provide  an  instrument  that  will  measure  this  loss  with  the  accuracy  required. 
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(c)  Specific  Intervals  are  indicated  in  the  test  plan  to  measure  the 
water  loss  and  from  this  data  various  voltage,  current  versus  water  loss 
characteristic  curves  may  be  generated. 

3.  Test  Samples: 

(a)  Sample  Size  -  A  minimum  of  three  batteries  of  each  type/model , 
as  recommended  by  the  U.  S.  Coast  Guard,  would  be  required.  The  batteries 
would  be  tested  in  series  and  not  in  any  series/parallel  configuration. 

(b)  Mr.  Ralph  Chipman,  statistician  at  Crane,  stated  that  three 
batteries  would  be  sufficient  for  a  sample  size  depending  on  the  variability 
of  each  manufacturer's  batteries. 

(c)  Evaluation  of  batteries  with  an  equivalent  of  4-5  years  of 
service  with  photovoltaic  systems  on  aids  to  navigation  compared  with  new 
batteries  of  the  same  type/model  would  be  ideal  for  comparison  of  changing 
characteristics.  An  accelerated  test  program  to  generate  "old"  batteries 
is  not  available  and  would  require  a  comprehensive  study  and  life-test 
program  for  validation.  Batteries  with  this  type  life  may  be  available 
from  the  U.  S.  Coast  Guard  through  their  Research  and  Development  Center 
at  Croton,  Connecticut. 

(d)  It  is  estimated  that  the  total  time  required  to  complete  these 
tests  for  each  manufacturer  is  1915  hours. 

D.  DATA  ANALYSIS 

1.  Generation  of  curves  depicting  the  performance  characteristics  of  each 
type/model  battery,  under  various  test  conditions,  would  be  submitted  to  the 
U.  S.  Coast  Guard  for  their  evaluation. 


TEST  PLAN  PROCEDURE 
for 

Battery  Characteristic  Tests 


I.  Inspection 

A.  Each  battery  will  be  visually  inspected  for  any  abnormalities  or 
manufacturing  defects. 

II.  Filling  {when  applicable) 

A.  Each  battery  will  be  filled  with  electrolyte  to  the  proper  level 
according  to  the  manufacturer's  specifications. 

III.  Weight 

A.  Each  battery  will  be  weighed  prior  to  and  following  baseline 
capacity  determination  tests. 

B.  Each  battery  will  be  weighed  at  specific  intervals  during  the  over¬ 
charge  and  state-of-charge  evaluation  tests. 

IV.  Baseline  Capacity  Determination  Tests  (20°C) 

A.  Allow  batteries  to  obtain  temperature  equilibrium  at  ZO^C  with  a 
minimum  stand  time  of  24  hours. 

B.  Charge  at  Cm/100  until  the  batteries  obtain  a  100  percent  state-of- 
charge  (SOC)  according  to  the  manufacturer's  specifications,  where 
Cm  is  the  manufacturer's  rated  capacity  of  the  battery. 

C.  Discharge  each  battery  at  Cm/100  to  0  percent  SOC  as  determined  by 
the  cut-off  voltage  for  each  type  battery. 

D.  Repeat  B  and  C  twice.  Determine  average  actual  capacity  of  batteries, 
based  on  the  mean,  from  the  last  discharge.  An  additional  charge  and 
discharge  cycle  may  be  performed  if  variation  in  capacities  of  the 
batteries  is  significant. 

NOTE:  The  value  C  referred  to  in  the  overcharge  and  state-of-charge 
evaluation  tests  will  be  the  actual  mean  value  of  the  battery  as 
previously  determined.  (Ca) 

V.  Overcharge  Evaluation  Test  at  -ZO^C 

A.  Allow  batteries  to  obtain  temperature  equilibrium  at  -20°C  with  a 
minimum  stand  time  of  24  hours. 

B.  Charge  at  C/100  until  the  batteries  reach  95  percent  SOC. 

C.  Change  charge  rate  to  C/33  and  continue  charge  until  each  battery 
reaches  voltage  equilibrium.* 


A-4 


Enclosure  (1) 


D.  Repeat  C  with  charge  rates  of  C/40,  C/50,  C/67,  C/100,  and  C/200. 

NOTE:  Battery  weights  will  be  recorded  at  the  start  and  end  in  Part  B 
and  then  on  an  hourly  basis  for  parts  C  and  0. 

VI.  St ate-of -Charge  Evaluation  Test  at  -ZO^C 

A.  Evaluation  at  the  90  percent  SOC  level  will  consist  of  six  discharges 
at  the  C/100  rate  for  10  hours  (10  percent  depth-of-discharge);  followed 
by  a  charge  as  noted.  There  will  be  a  stand  period  of  12  hours 
between  each  charge  and  discharge.  The  procedure  is  as  follows: 


Condition  Rate  Time  (hrs 


Discharge 

C/100 

10 

Charge 

C/33 

3 

Stand 

12 

Discharge 

C/100 

10 

Charge 

C/40 

4 

Stand 

12 

Discharge 

C/100 

10 

Charge 

C/50 

5 

Stand 

12 

Condition 

Rate 

Time  (h 

4. 

Discharge 

C/100 

10 

Charge 

C/67 

6. 

Stand 

12 

5. 

Discharge 

C/100 

10 

Charge 

C/100 

10 

Stand 

12 

6. 

Discharge 

C/100 

10 

Charge 

C/200 

20 

Stand 

12 

B.  Evaluation  at  the  80  percent  SOC  level  is  the  same  as  part  A  except  for 
the  times  of  discharge  and  charge.  The  procedure  is  as  follows: 


Condition 

Rate 

Time  (hrs) 

Condition 

Rate 

Time  (hrs) 

Discharge 

C/100 

20 

4. 

Discharge 

C/100 

20 

Charge 

C/33 

6.6 

Charge 

C/67 

13.4 

Stand 

12 

Stand 

12 

Discharge 

C/100 

20 

5. 

Discharge 

C/100 

20 

Charge 

C/40 

8 

Charge 

C/100 

20 

Stand 

12 

Stand 

12 

Discharge 

C/100 

20 

6. 

Discharge 

C/100 

20 

Charge 

C/50 

10 

Charge 

C/200 

40 

Stand 

12 

Stand 

12 

NOTE:  Battery  weights  will  be  recorded  during  charge  in  parts  A  and  B 
as  follows:  Conditions  1,  2,  3,  and  4  -  hourly;  Conditions  5  and  6  -  every 
2  hours.  Weight  will  also  be  recorded  at  the  end  of  each  discharge  and 
stand  period. 

♦Equilibrium  voltage  varies  with  type  of  battery 
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VII.  Overcharge  Evaluation  at  50**C 

A.  Same  procedure  as  V  except  at  the  temperature  of  50*’C. 

VIII.  State-of-Charge  Evaluation  Test  at  SO^C 

A.  Same  procedure  at  VI  except  at  the  test  temperature  of  50“C. 


NOTE:  The  U.  S.  Coast  Guard  made  the  following  changes  In  the  test  plan 
following  test  completion  of  the  first  two  test  samples,  which  were  the 
new  and  cycled  Willard  batteries: 

(1)  Equilibrium  changes  to  follow  each  discharge  during  the 
state- of-charge  tests. 

(2)  Capacity  discharges  to  follow  completion  of  the  state-of-charge 
tests  at  each  temperature. 

(3)  Frequency  of  weight  data  readings  to  be  reduced  during  state- 
of-charge  tests  in  which  they  will  only  be  taken  at  end  of  discharge  and 
stand,  and  at  100  percent  per  charge  returned  plus  end-of-charge  (equil¬ 
ibrium). 

(4)  Complete  Tafel  curves  need  not  be  generated;  but  only  equilibrium 
voltage  versus  time  (last  three  stabilized  data  points). 


WQEC/C  83-75 


APPENDIX  B 

OVERCHARGE  EVALUATION  GRAPHS 


TIME  (Hours) 


UVLKUIAKUt  LVALUAliUN  I  Lb  I  A I  bU'L 
EQUILIBRIUM  VOLTAGE  ANf'  WT.  LOSS  VS.  CHARGE  RATE 

WILLARD>MOOc  DD-3-3,  P/N  8241 
(C  =  82  Ampere-Hours ) 


OVERCHARGE  EVALUATION  TEST  h.  -20°C 
EQUILIBRIUM  VOLTAGE  ANP  ‘'T.  LOSS  VS.  CHARGE  RATE 
WILLARD,  MODEL  DD-.  J.  P/N  8241  (Cycled) 

(C  =  85  Ampere-Hours) 
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OVliRCIIAKGE  EVALUATION  TEST  AT  50°C 
EQUILIBRIUM  VOLTAGE  ANO  ‘'T.  LOSS  VS.  CHARGE  RATE 
WILLARD,  MODEL  DD-...-3,  P/N  8241  (Cycled) 


OVLKCIIARGE  EVALUATION  TEST  AT  50'’C 
EQUILIBRIUM  VOLTAGE  AN''  WT.  LOSS  VS.  CHARGE  RATE 


TIME  (Hours) 


OVERCHARGE  EVAI  UATION  TEST  AT  -20'’C 
EQUILIBRIUM  VOLTAGE  ANI  T.  LOSS  VS.  CHARGE  RATE 


OVERCHARGE  EVALUATION  TEST  Al'  bU"C 
EQUILIBRIUM  VOLTAGE  AN''  WT.  LOSS  VS.  CHARGE  RATE 

J.  C.  PENNEi  SURVIVOR  72 
(C  =  70Ainpere-Hours) 


TIME  (Hours) 


OVERCHARGE  EVALUATION  TEST  AT  50"C 
EQUILIBRIUM  VOLTAGE  ANP  'T.  LOSS  VS.  CHARGE  RATE 


TIME  (Hours) 


OVERCHARGE  EVALUATION  TEST  AT  -i^U'  C 
EQUILIBRIUM  VOLTAGE  AN”  WT.  LOSS  VS.  CHARGE  RATE 
NIFE  -  NICKEL  -ADMIUM  -  L-302-2 
(C  =  SSAmpere-Hours) 


t/) 

O  i- 

1 

CO  o 

CO 

O  CO  ro 

’•N,* 

•  •  • 

•  •  • 

•  •  • 

OJ 

4->  ^ 

CM  CM  CM 

O  CO  ro 

O) 

3  C7 

10 

&. 

OJ 

> 

< 

CT 

00  m  ro  1 

<0 

in  ^  ro 

in  m  tn 

4-9 

CM  CM  CM 

r*  r~  r-“ 

oo  o 

•  •  • 

•  »  • 

•  •  • 

o 

OS  o 

OS  OS  OS 

os  os  os 

> 

t/)  l- 

o 

o  o  o 

1 

1 

O  O  O  1 

O  O  O 

-1 

•  •  • 

•  •  • 

E 

CO  ^  so 

O  CM  <3- 

r-  r—  CM 

4->  Cl 

CO 

3' — 

0) 

>> 

C) 

s. 

lO  00  so 

SO  tn  1 

SO  SO  SO 

OJ 

4^; 

CO  CM  CM 

r—  r—  r—  I 

o  o  o 

4-> 

•  ■  ■ 

•  •  • 

4^ 

o 

OS  OS  OS 

Os  OS  Os 

OS  Os  OS 

fO 

2> 

00 

o 

O 

'H 

C4 

1 

QJ  i/) 

E  ^ 

•*-  X 

r-  CM  CO 

CM  CO  ^ 

»—  ^ 

<  CM 

1-^! 

^  CM  CO  1 

CO 

< 

H- 

<  tn 

o  o.  s. 

1 

1 

1 

3 

h-  •  O 

C/l 

</)  CO  a: 

^  i- 

UJ  1  1 

O  -C 

h-  CO  4) 

—1 

o  o  o 

O  O  O 

o  o  o 

1  s. 

E 

«  •  • 

•  •  « 

•  •  • 

r:  Q  a» 

4-J  C 

CM  r—  o 

f—  ^  CO 

>  ■  —  yi—i 

O  Q  Q. 

CM 

3'— 

P-.  J 

C  UJ 

r)  o  CM 

>» 

CT 

~J  O  00 

s- 

<0 

«3-  CVJ  <— 

CO  CM  p— 

cf  S 

CJ 

-M 

CM  CsJ  CM 

r—  r—  r— 

o  o  o 

>  n 

4-4 

f— • 

•  •  • 

•  •  • 

1  lJ  ^ 

+J 

O; 

OS  OS  OS  1 

OS  Os  Os 

Os  OS  cr» 

Q  O 

to 

>; 

UJ  QJ  ^ 

<5  < 

Qi  —1 

CO 

<  ^ 

OJ  V) 

E  $- 

O  3 

X 

r—  CM  CO 

< —  CM  CO 

CO  «:3'  un 

o: 

1— 

UJ 

> 

o 

(/> 

</)  ^ 
o  ^ 

O  o  O 

O  O  O 

o  o  o 

_I 

«  •  • 

E 

!  CM  CM 

o  m  CO 

r-  CM  r— 

4->  CT 

3^^ 

>> 

C 

SO  ^  CM 

sT)  ^  CO 

so  so  so 

u 

(O 

CM  CM  CM 

r— 

o  o  o 

0) 

4-> 

•  •  • 

*  *  * 

•  •  • 

4-> 

r" 

1  OS  OS  OS 

OS  OS  OS 

Os  OS  OS 

4^ 

o 

(O 

> 

CD 

Time 

(Hrs 

1  1—  CM  CO 

j  1—  CM  CO 

j 

CO  sn 

1 

UJ 

CO 

o 

o 

h- 

CO 

1 

tr> 

< 

Q£ 

o 

c_> 

o 

C-2 

OVERCHARGE  EVALUATION  TEST  DATA  AT  SO^C 
WILLARD,  MODEL  DD-3-3,  P/N  8241 
(C  =  82  Ampere-Hours) 


to  UO 
a> 


O  r—  I— 

o  o  o 


2  7.74  2.0  1  7.76  2.0  1  7.72  1.0  7.74 

C/200  3  7.74  1.0  2  7.76  3.0  2  7.72  2.0  7.74 

4  7.74  1.0  3  7.76  2.0  3  7.72  0.0  7.74 


OVERCHARGE  EVALUATION  TEST  DATA  AT  -20°C 
WILLARD,  MODEL  DD-3-3.  P/B  8241  (Cycled) 
(C  =  85  Apipere-Hours) 
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C/200  19.0  8.43  1.0  6.0  8.71  0.0  3.0  7.58  0.0  8.24 

20.0  8.42  0.0  7.0  8.72  0.0  4.0  7.58  0.0  8.24 


OVERCHARGE  EVALUATION  TEST  DATA  AT  SO^C 
WILLARD,  MODEL  DD-3-3,  P/N  8241  (Cycled) 
(C  =  85  Ampere-Hours) 
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OVERCHARGE  EVALUATION  TEST  DATA  AT  -20°C 
DELCO-REMY  2000 
(C  =  93  Ampere-Hours) 
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CHARGE  RATE  VS  ST'"'^  OF  CHARGE  VOLTAGE 


C/50  charge 


AVERAGE  STATE-OF-CMARGE  VOLTAGE  (volts) 


EVALUATION  TEST  AT -20°C 
ST  OF  CHARGE  VOLTAGE 

JNION  GC  12550, 
Anipere-Hours) 


AVERAGE  STATE-OF-CIIARGE  VOLTAGE  (volts) 
Note:  Battery  state-of-charge  level  indicated  by  percent 


WQEC/C  23-75 


APPENDIX  E 

STATE-OF-CHARGE  EVALUATION  TEST  DATA 


E-1 


WOCC/C  fi-V. 


STAU 

-Or-CHARCt 

EVALUAIION  IlSI 

DATA  A1 

-20*t 

Willard, 

Hodel 

00-3-3,  P/N  8241 

(C 

•  82  Aaipe re- Hours) 

battery 

battery  Voltages 

Water  Loss 

Tlmf 

Ampere 

Condition* 

ka_te 

iHrsJ 

Houi^ 

*1 

*2 

£3 

Avo. 

!l 

1. 

too 

C/lOO 

10.0 

e.33 

6.30 

6.29 

6.25 

6.28 

. 

soc 

C/33 

6.96 

6.89 

6.98 

6.95 

tot 

C/33 

3.3 

e.2i 

9.22 

9.16 

9.21 

9.20 

4 

4 

tot 

12.0 

6.69 

6.67 

6.65 

6.67 

- 

i. 

too 

C/100 

10.0 

8.40 

6.26 

6.26 

6.22 

6.25 

sot 

C/40 

6.79 

6.74 

6.79 

6.77 

toe 

C/4C 

4.0 

8.14 

9.13 

9.0( 

9.09. 

9.09 

2 

EOS 

12.0 

6.67 

6.65 

6.u3 

6.65 

3. 

too 

C/100 

10.0 

B.3S 

6.26 

6.25 

6.21 

6.25 

1 

soc 

C/SO 

6.69 

6.65 

6.71 

6. 68 

tot 

C/SO 

S.O 

8.13 

9.03 

8.96 

9.01 

9.00 

b 

2 

EOS 

12.0 

6.66 

6.64 

6.63 

6.64 

4. 

tor 

t/100 

10.0 

8.42 

6.2S 

6.23 

6.19 

6.26 

sot 

C/CT 

6.60 

6.57 

6.61 

6.59 

EOC 

C/67 

6.7 

e.i3 

8.90 

8.84 

8.83 

8.86 

2 

2 

EOS 

12.0 

6.66 

6.64 

6.62 

6.64 

- 

i. 

too 

C/100 

10.0 

B.43 

6.24 

6.23 

6.19 

6.26 

• 

1 

soc 

c/ioo 

6. S3 

6.50 

6.50 

6.51 

EOC 

C/100 

10.0 

B.1S 

B.7S 

8.69 

8.69 

8.71 

• 

1 

EOS 

12.0 

6.67 

6.64 

6.63 

6.65 

- 

6. 

toe 

C/100 

10.0 

e.36 

6.23 

6.22 

6.18 

6.21 

1 

2 

SOC 

C/200 

6.46 

6.43 

6.44 

6.44 

EOC 

C/200 

20.0 

e.oo 

7.50 

7.45 

7.44 

7.46 

1 

2 

EOS 

12.0 

6.67 

6.64 

6.63 

6.65 

• 

• 

7. 

too 

C/100 

20.0 

16.70 

6.17 

6.16 

6.13 

6.15 

1 

SOC 

C/33 

6.71 

6.66 

6.74 

6.70 

EOC 

C/33 

6.6 

16.37 

9.18 

9.11 

9.13 

9.14 

• 

2 

EOS 

12.0 

6.66 

6.64 

6.63 

6.64 

- 

• 

e. 

too 

C/100 

20.0 

16.40 

6. IS 

5.14 

6.11 

6.13 

SOC 

C/40 

6.63 

6.59 

6.64 

6.62 

EOC 

C/40 

B.O 

16.32 

9.07 

9.00 

9.02 

9.03 

. 

• 

EOS 

12.0 

6.66 

6.63 

6.62 

6.64 

1 

* 

9. 

EOD 

C/100 

20.0 

16.78 

6.12 

6.12 

6.08 

6.11 

SOC 

C/SO 

6.55 

6.51 

6.55 

6.54 

toe 

C/SO 

10.0 

16.23 

8.92 

8.87 

8.88 

8.89 

EOS 

12.0 

6.65 

6.63 

6.61 

6.63 

- 

- 

10 

too 

C/100 

20.0 

16.77 

6.08 

6.07 

6.04 

6.06 

SOC 

C/67 

6.49 

6.45 

6.48 

6.48 

toe 

C/67 

13.4 

16.18 

8.90 

8.84 

8.85 

8.86 

. 

1 

EOS 

12.0 

6.66 

6.64 

6.62 

6.64 

11 

too 

C/100 

20.0 

16.74 

6.06 

6.06 

6.02 

6.04 

1 

1 

SOC 

C/100 

6.41 

6.38 

6.40 

6.40 

EOC 

C/IOC 

20.0 

16. OS 

8.65 

8.60 

8.59 

8.61 

. 

1 

EOS 

12.0 

6.65 

6.63 

6.62 

6.63 

1 

- 

12 

too 

C/100 

20.0 

16.82 

6.06 

6.05 

6.02 

6.04 

2 

SOC 

C/200 

6.33 

6.31' 

6.31 

6.32 

EOC 

C/200 

40.0 

16.05 

7.38 

7.35 

7.34 

7.36 

1 

. 

EOS 

12.0 

6.65 

6.63 

6.61 

6.63 

* 

• 

• 

Conditions 

1-6  are 

at  the 

90  percent  level 

and  7-12 

are  at 

the  80 

percent  level. 

••  Total  loss  durirq  indicated  time  period. 


too  -  fnd-ct-discharge 
SOC  -  Start-of-charge 
toe  -  [nd-p»-charge 
fOS  -  tnd-or-stand 


WlfC/C  63-71 


31*T(-0I-IHAI<C[  IVAIUAIIUN  TIS7  6AT«  AT 

UilltrO,  Hudri  06-3-3,  P/M  674) 

(C  •  67  Ai«(«ri" hoori ) 

hatiery** 

batUry  Voltages  Water  Loss  (on,) 


Tliw 

Aiiaierr 

U)fid1  tipn* 

Mate 

huurs 

jQ 

12 

43 

Avg. 

aj 

0? 

1. 

10! 

C/IOC' 

10. 0 

6.2S 

6.49 

6.46 

6.46 

6.47 

4 

i! 

SOC 

C/31 

6.77 

6.78 

6.77 

6.77 

toe 

C/3; 

3.3 

6. IE 

7.98 

E.10 

7.98 

8.0? 

1 

. 

lOS 

17.0 

6.64 

6.63 

6.61 

6.63 

1 

2. 

lOI. 

C/IOCi 

10.0 

B.2S 

6.49 

6.4S 

6.4f 

6.47 

1 

3 

SOC 

c/4r. 

6.74 

6.76 

6.72 

6.74 

toc 

t/40 

4.0 

8.17 

7.86 

7.96 

7.B6. 

7.87 

1 

1 

tes 

12.0 

6.64 

6.63 

6.61  ' 

6.63 

2 

3. 

CO!' 

C/lOO 

10.0 

8.10 

6.48. 

6.4S 

6.45 

6.46 

2 

SOC 

C/St 

6.70 

6.71 

6.68 

6.69 

COl 

c/so 

S.O 

8.12 

7.73 

7.77 

7.73 

7.74 

1 

1 

EOS 

12.0 

6.64 

6.63 

6.61 

6.63 

- 

1 

4. 

EOO 

c/100 

10.0 

B.2S 

6.47 

6.44 

6.44 

6.45 

1 

1 

SOC 

c/67 

6.6S 

6.67 

6.63 

6.65 

COC 

c/67 

6.7 

8.06 

7.32 

7.48 

7.49 

7.43 

2 

2 

EOS 

12.0 

6.64 

6.62 

6.61 

6.6? 

1 

1 

5. 

EOO 

C/100 

10.0 

8.31 

6.47 

6.39 

6.44 

6.43 

1 

SOC 

C/lOO 

6.61 

6.63 

6.59 

6.61 

EOC 

c/100 

10.0 

8.00 

6.91 

6.95 

6.92 

6.93 

1 

2 

EOS 

12.0 

6.63 

6.62 

6.61 

6.62 

1 

2 

6. 

EOC 

C/lOO 

10.0 

8.36 

6.46 

6.42 

6.43 

6.44 

1 

SOC 

C/20P 

6.57 

6.56 

6.55 

6.56 

EOC 

C/200 

20.0 

8.00 

6.80 

6.79 

6.79 

6.79 

2 

3 

EOS 

12.0 

6.62 

6.61 

6.60 

6.61 

• 

• 

7. 

EOO 

C/100 

20.0 

16.53 

6.41 

t.3f 

6.39 

6.39 

4 

2 

SOC 

C/33 

6.71 

6.71 

6.70 

6.71 

EOC 

C/33 

6.6 

16.32 

7.82 

7.82 

7.81 

7.82 

. 

2 

EOS 

12.0 

6.63 

6.62 

6.60 

6.62 

3 

1 

e. 

too 

C/100 

20.0 

16.50 

6.40 

6.40 

6.40 

6.40 

. 

SOC 

C/40 

6.67 

6.65 

6.64 

6.65 

EOC 

C/40 

8.0 

16.29 

7.62 

7.64 

7.62 

7.63 

- 

EOS 

12.0 

6.62 

6.61 

6.60 

6.61 

1 

* 

9. 

EOO 

C/100 

20.0 

16.24 

6.39 

6.39 

6.39 

6.39 

3 

3 

SOC 

C/SO 

6.63 

6.60 

6.59 

6.61 

EOC 

C/50 

10.0 

16.23 

7.12 

7.15 

7.13 

7.13 

1 

. 

EOS 

12.0 

6.62 

6.61 

6.60 

6.61 

2 

1 

10. 

EOO 

C/lOO 

20.0 

17.00 

6.38 

6.38 

6.39 

6.38 

. 

3 

SOC 

C/57 

6.58 

6.56 

6.57 

6.57 

EOC 

C/67 

13.4 

16.20 

6.96 

6.99 

6.97 

6.97 

- 

- 

EOS 

12.0 

6.61 

6.60 

6.59 

6.60 

- 

- 

11. 

EOC 

C/100 

20.0 

16.53 

6.37 

6.32 

6.36 

6.35 

. 

SOC 

C/100 

6.53 

6.52 

6.50 

6.52 

toc 

C/100 

20.0 

15.01 

6.87 

6.86 

6.87 

6.87 

1 

2 

EOS 

12.0 

6.60 

6.60 

6.59 

6.60 

- 

Z 

12. 

EOO 

C/100 

20.0 

16.54 

6.36 

6.34 

6.35 

6.35 

2 

SOC 

C/200 

6.48 

6.48 

6.46 

6.47 

EOC 

C/200 

40.0 

16.05 

6.78 

6.78 

6.77 

6.78 

1 

3 

EOS 

12.0 

6.59 

6.58 

6.57 

6.58 

1 

- 

• 

Conditions 

1-6  are 

at  the  90  percent  level 

and  7- 

12  are  at 

the  80 

percent 

level 

•*  Total  loss  during  indicated  time  period. 


too  -  tnd-of-disc6arge 
SOC  -  Start-of-charge 
fOC  -  f nd-of-cMarge 
EOS  -  tnd-of-stand 


%  , 

V-“ 

%*  -  • 

*•  *-  “•  *-  “•  *• 

►  .*• 

WDBC/r  83-75 

S1ATC-0r-CHARCf  CVALUA110N  TCS1 

DATA  A1  -20"C 

Willard.  Model  00-3 

-3.  P/N  8241  (Cycled) 

(C 

•  85  Ain|<ere- hours ) 

I'.ollrry'* 

LL^ 

6«tUry  VolUpes 

ual«r 

LOSS  (oni 

1 

liae 

Aji(iere 

Condition 

•  Rate 

iMrsJ 

Hours 

#1 

#2 

#3 

Avq. 

£1 

f? 

•  3 

1.  COb 

C/100 

10.0 

6.96 

6.22 

6.64 

5.17 

6.34 

1 

1 

SOC 

C/33 

6.72 

6.64 

6.64 

6.69 

COC 

C/33 

3.3 

8.54 

9.01 

9.12 

8.41 

8.85 

3 

6 

3 

COS 

12.0 

6.57 

6.79 

6.43 

6.60 

1 

1 

*•  ' 

2.  COD 

C/100 

10.0 

8.50 

6.20 

6.22 

6.14 

6.19 

sot 

C/40 

6.64 

6.67 

6.56 

6.62 

u 

COC 

C/40 

4.0 

6.95 

6.93 

9.10 

7.9(t 

8.67 

2 

3 

1 

\ta 

COS 

12.0 

6.56 

6.59 

6.44 

6.53 

■.  _ 

3.  COD 

C/IOC 

10.0 

6.50 

6.19 

6.20 

6.13 

6.17 

1 

1 

1 

SOC 

C/SO 

6.54 

6.56 

6.46 

6.52 

COC 

C/50 

5.0 

8.60 

6.80 

9.02 

7.87 

8.56 

2 

2 

2 

COS 

12.0 

6.56 

6.58 

6.45 

6.53 

1 

4.  COO 

C/100 

10.0 

6.50 

6.18 

6.19 

6.11 

6.16 

•* 

SOC 

C/67 

6.47 

6.48 

6.39 

6.45 

COC 

C/57 

6.7 

8.57 

6.69 

8.92 

7.84 

8.48 

1 

1 

1 

^'■  * 

COS 

12.0 

6.56 

6.58 

6.47 

6.54 

- 

" 

S.  COD 

C/100 

10.0 

6.62 

6.17 

6.17 

6.11 

6.15 

. 

’■  .' 

SOC 

C/100 

6.41 

6.42 

6.33 

6.39 

*•  . 

COC 

C/100 

10.0 

6.68 

6.51 

8.80 

7.68 

8.33 

1 

1 

1 

cos 

12.0 

6.57 

6.58 

6.48 

6.54 

j 

6.  COD 

C/100 

10.0 

6.66 

6.17 

6.17 

6.11 

6.15 

. 

1 

1  i 

1 

SOC 

C/200 

6.35 

6.36 

6.27 

6.33 

1 

iPV 

COC 

C/2P0 

20.0 

8.40 

7.42 

8.37 

7.11 

7.63 

1 

2 

2 

-•/ 

COS 

12.0 

6.57 

6.58 

6.49 

6.55 

- 

*  - 

7.  coo 

C/100 

20.0 

17.07 

6.11 

6.12 

6.17 

6.13 

. 

1 

1 

SOC 

C/33 

6.56 

6.58 

6.48 

6.54 

mm 

COC 

C/33 

6.6 

16.95 

8.99 

9.13 

8.13 

8.75 

2 

1 

8 

EOS 

12.0 

6.57 

6.58 

6.43 

6.53 

1 

e.  COD 

C/100 

20.0 

17.00 

6.06 

6.09 

6.01 

6.06 

. 

SOC 

c/40 

6.50 

6.51 

6.42 

6.48 

FOC 

C/40 

6.0 

17.00 

8.89 

9.03 

7.86 

8.59 

cos 

12.0 

6.56 

6.57 

6.44 

6.52 

1 

1 

*  . 

9.  coo 

C/100 

20.0 

17.50 

6.06 

6.07 

5.99 

6.04 

1 

1 

1 

SOC 

C/50 

6.43 

6.44 

6.34 

6.40 

COC 

C/50 

10.0 

16.63 

8.76 

8.92 

7.76 

8.48 

cos 

12.0 

6.56. 

6.56 

6.44 

6.52 

r  .  ; 

10.  COD 

>«# 

C/100 

20.0 

16.85 

6.02 

6.02 

5.94 

5.99 

SOC 

C/67 

6.37 

6.38 

6.28 

6.34 

COC 

C/67 

13.4 

16.92 

8.74 

8.89 

7.74 

8.46 

1 

V  ' 

cos 

12.0 

6.56 

6.57 

6.45 

6.53 

11.  coo 

C/100 

20.0 

17.27 

6.01 

6.02 

5.93 

5.99 

SOC 

C/100 

6.31 

6.32 

6.22 

6.28 

• .- 

COC 

C/100 

20.0 

16.51 

8.51 

8.68 

7.61 

8.27 

v'i 

COS 

12.0 

6.56 

6.57 

6.46 

6.53 

4 

12.  COO 

C/100 

20.0 

17.05 

6.01 

6.01 

5.93 

5.98 

1 

1 

r 

SOC 

C/200 

6.24 

6.25 

6.15 

6.21 

COC 

C/200 

40.0 

16.60 

7.31 

7.39 

7.01 

7.24 

. 

COS 

12.0 

6.56 

6.56 

6.47 

6.53 

- 

- 

*  Conditions  1-6  are 

at  the  90  percent  level 

and  7-12 

are  at 

the  Bi 

percent 

level . 

*•  Total  loss  during 

Indicated  time  period. 

COD  -  End- 

of-dlscha rge 

i 

SOC  -  siart-of-charge 

COC  -  End- 

of-tharqe 

i._  • 

COS  -  tnd- 

of-stand 

E-4 

'« 

**  ■  *  m.  *  '  f, - laa - —  -  - 

- 

WCC/t  63-7', 


S1AT(-0r-CHAMGt  CVALUAHOM  ILSI  DATA  AT  <,()■'( 

UlTUrd,  Model  DD-3-3,  P/N  it?41  (Cycled) 
(C  *  Hi,  Ami>er»- Hours) 


battery  Voltages 

Water 

losfc  (gii 

Tine 

Am*  re 

Condi tlon» 

fta^ 

(Hrs) 

Hours 

£l 

#2 

baas 

al 

K 

1.  EOIi 

C/lOO 

10.0 

B.60 

6.41 

6.41 

6.35 

6.39 

1 

2 

io: 

0/33 

6.66 

0.67 

6.61 

6.65 

IOC 

C/33 

3.3 

B.SS 

7.66 

b.09 

7.3t 

7.71 

. 

1 

EOS 

12. El 

6.53 

6.55 

6.46 

6.51 

2 

1 

2.  toil 

C/lOO 

10.0 

8.95 

6.40 

6.40 

6.35 

6.31 

1 

. 

SOC 

t/40 

6.62 

6.63 

6.56 

6.61 

Ea 

C/4(. 

4.0 

fc.37 

7.09 

7.32 

7.02 

7.U 

1 

EOC 

12.0 

6.53 

6.55 

6.46 

6.51 

- 

4 

1 

3.  EOO 

C/10(i 

10.0 

8.60 

6.40 

6.40 

6.34 

6.31 

3 

, 

EOC 

C/SC 

6.SE 

6.59 

6.49 

6.5! 

EOC 

C/5Ci 

s.r, 

6.45 

7.01 

7.19 

6.9<. 

7.0! 

1 

2 

: 

EOS 

12.0 

6.52 

6.54 

6.46 

6.5 

* 

2 

1 

4.  EOCi 

C/IOC 

10.0 

7. BE 

6.40 

6.40 

L.y 

E.31 

1 

1 

SOC 

C/67 

6.54 

6.56 

6.4L 

6.5;- 

EOC 

C/67 

6.7 

6.32 

6.97 

7.14 

7.03 

7.0! 

1 

2 

2 

LOS 

12.0 

6.52 

6.55 

6. 46 

6.51 

- 

4 

S.  EOO 

C/100 

10.0 

8.72 

6.38 

6.40 

6.33 

6.3? 

1 

SOC 

C/100 

6.50 

6  52 

6.45 

6.49 

EOC 

C/100 

10.0 

8.51 

6.81 

6.90 

6.72 

6.b: 

• 

1 

COS 

'2.0 

6.52 

6.54 

6.45 

6.51 

- 

- 

- 

6.  COO 

C/100 

10.0 

6.4B 

6. 32 

6.39 

6.33 

6.3? 

1 

sot 

t/200 

6.47 

6.49 

6.41 

6.46 

EOC 

c/200 

20.0 

6.47 

6.70 

6.76 

6.63 

6.70 

• 

4 

COS 

12.0 

6.51 

6.54 

6.45 

6.50 

- 

2 

1 

7.  EOO 

C/IOP 

20.0 

17.04 

6.34 

6.36 

6.29 

6.32 

1 

5 

2 

SOC 

c/33 

6.60 

6.66 

6.54 

6.6( 

EOC 

C/33 

6.6 

17.05 

7.25 

7.49 

7.18 

7.3? 

* 

1 

, 

EOS 

12.0 

6.51 

6.54 

6.45 

6.5r 

3 

B.  EOO 

C/100 

20.0 

17.44 

6.33 

6.36 

6.28 

6.3; 

* 

4 

SOC 

C/40 

6.55 

6.59 

6.49 

6.59 

EOC 

C/40 

6.0 

17.14 

7.02 

7.18 

7.10 

7.10 

< 

. 

1 

EOS 

12.0 

6.51 

6.55 

6.44 

6.50 

- 

4 

- 

9.  EOO 

C/100 

20.0 

16.51 

6.33 

6.36 

6.28 

6.32 

2 

SOC 

C/50 

6.51 

6.55 

6.45 

6.50 

EOC 

C/50 

10.0 

16. B3 

6.97 

7.12 

7.03 

7.05 

. 

EOS 

12.0 

6.52 

6.55 

6.44 

6.50 

3 

- 

10.  EOO 

C/100 

20.0 

17.19 

6.32 

6.35 

6.27 

6.31 

2 

SOC 

C/67 

6.48 

6.51 

6.41 

6.47 

EOC 

C/67 

13.4 

16.72 

6.86 

6.96 

6.81 

6.86 

. 

3 

1 

EOS 

12.0 

5.  SI 

6.55 

6.43 

6.50 

- 

3 

- 

11.  EOO 

C/100 

20.0 

17.02 

6.32 

6.35 

6.26 

6.30 

2 

. 

SOC 

C/100 

6.44 

6.48 

6.37 

6.43 

EOC 

C/100 

20.0 

16.89 

6.78 

6.86 

6.71 

6.78 

1 

3 

2 

EOS 

12.0 

6.51 

6.54 

6.43 

6.50 

5 

- 

- 

12.  EOO 

C/100 

20.0 

17.00 

6.31 

6.34 

6.25 

6.30 

. 

. 

SOC 

C/200 

6.40 

6.44 

6.33 

6.39 

EOC 

C/200 

40.0 

.  17.40 

6.73 

6.79 

6.64 

6.72 

9 

8 

EOS 

12.0 

6.51 

6.54 

6.42 

6.49 

- 

4 

- 

•  Conditions 

1-6  are 

at  the 

90  percent  leyel 

and  7-12 

are  at 

the  80 

percent 

level . 

*•  Total  loss  during  Indicated  tiire  period. 

too  -  Cnd-of-dlscharge 
SOC  -  5lart-of-charge 
[OC  -  tnd-of-charge 
EOS  -  tnd-of-stand 


E-5 


UOll/C  83-71 


-•« 


S1ATC-0r-CIIARCl  tRALUAllON  TLST  UATA  AT  -i'O'': 
WLCO-NLHt  200(J 
(C  •  93  Ainpen>-hour$} 


battery** 

Battery  Voltage!  Baler  Loti  (gni; 

Time  Anliere 


Condition* 

Rate 

(hrt) 

Hour! 

£1 

#2 

#3 

Ays.. 

#2 

o 

1. 

EOO 

C/100 

10.0 

9.53 

12.26 

12.25 

12.25 

12.2 

1 

6 

SOC 

C/33 

13.06 

13.04 

13.06 

13. t. 

EOC 

C/33 

5.8 

U.3S 

16.76 

16.82 

16.79 

16.;- 

16 

24 

18 

£05 

12.0 

13.18 

13.10 

13.16 

13. K 

- 

- 

- 

2. 

EOD 

C/100 

10.0 

9.49 

12.16 

12.15 

12.17 

12.1 

, 

SOC 

C/40 

12,73 

12.70 

12.72 

12.7' 

EOC 

C/40 

7.0 

16.29 

16.73 

16.77 

16.75 

16.7 

15 

14 

13 

£05 

12.0 

13.16 

13.10 

13.14 

13.12 

- 

1 

- 

3. 

EOD 

C/10O 

10.0 

9.49 

12.13 

12.12 

12.14 

12.13 

. 

SOC 

C/50 

12.59 

12.57 

12.59 

12.51 

EOC 

C/50 

8.8 

16.29 

16.68 

16.73 

16.70 

16.7'i 

7 

13 

3 

EOS 

12.0 

13.17 

13.14 

13.16 

13.1,. 

- 

3 

- 

4. 

EOD 

C/100 

10.0 

9.49 

12.12 

12.12 

12.12 

12.  i: 

4 

. 

1 

SOC 

C/67 

12.50 

12.49 

12.51 

12.5, 

EOC 

C/67 

11.7 

16.22 

16.61 

16.66 

16.64 

16.63 

10 

8 

7 

EOS 

12.0 

13.22 

13.19 

13.21 

13.2 

2 

2 

- 

S. 

EOD 

C/100 

10.0 

9.50 

12.12 

12.11 

12.13 

12.1. 

« 

. 

SOC 

C/100 

12.44 

12.43 

12.45 

12.44 

EOC 

C/100 

1S.0 

13.87 

16.51 

16.54 

16.53 

16.53 

4 

n 

5 

EOS 

12.0 

13.24 

13.21 

13.23 

13.23 

2 

• 

3 

6. 

EOD 

C/100 

10.0 

9.51 

12.12 

12.12 

12.13 

12. i: 

2 

3 

. 

SOC 

C/200 

12.36 

12.36 

12.38 

12.33 

EOC 

C/200 

26.3 

11.83 

16.27 

16.29 

16.28 

16.21; 

3 

16 

Z 

EOS 

12.0 

13.28 

13.25 

13.27 

13.27 

- 

• 

- 

7. 

EOD 

C/100 

20.0 

19.01 

12.01 

12.02 

12.04 

12.02 

• 

SOC 

C/33 

12.60 

12.59 

12.61 

12.60 

EOC 

C/33 

9.1 

25.44 

16.86 

16.92 

16.88 

16.89 

5 

23 

17 

EOS 

12.0 

13.21 

13.19 

13.20 

13.20 

6 

- 

- 

8. 

EOD 

C/100 

20.0 

18.97 

11.98 

11.99 

12.00 

11.99 

4 

• 

SOC 

C/40 

11.0 

12.49 

12.48 

12.50 

12.49 

EOC 

C/40 

25.46 

16.82 

16.87 

16.85 

16.85 

5 

23 

13 

EOS 

12.0 

13.22 

13.20 

13.22 

13.21 

2 

1 

1 

9. 

EOD 

C/100 

20.0 

18.52 

11.92 

11.92 

11.93 

11.92 

. 

SOC 

C/50 

12.45 

12.45 

12.47 

12.46 

EOC 

C/50 

13.8 

24.53 

16.88 

16.94 

16.92 

16.92 

8 

10 

B 

EOS 

12.0 

13.18 

13.16 

13.18 

13.17 

2 

- 

- 

10. 

EOD 

C/100 

20.0 

18.99 

11.87 

11.88 

11.89 

11.88 

.. 

. 

1 

SOC 

C/67 

12.34 

12.34 

12.36 

12.35 

EOC 

C/67 

17.4 

24.03 

16.82 

16.87 

16.84 

16.84 

6 

7 

14 

EOS 

12.0 

13.22 

13.21 

13.22 

13.21 

2 

1 

- 

11. 

EOD 

C/100 

20.0 

18.99 

11.86 

11.87 

11.88 

11.87 

SOC 

C/100 

25.0 

23.01 

12.25 

12.25 

12.27 

12.25 

EOC 

C/100 

16.72 

16.76 

16.74 

16.74 

8 

7 

1C 

EOS 

12.0 

13.27 

13.25 

13.25 

13.26 

• 

- 

- 

12. 

EOD 

C/100 

20.0 

18.98 

11.84 

11.86 

11.87 

11.86 

2 

SOC 

C/200 

47.0 

20.70 

12.1$ 

12.16 

12.17 

12.16 

EOC 

C/200 

16.46 

16.49 

16.47 

16.47 

7 

5 

s 

EOS 

12.0 

13.30 

13.28 

13.29 

13.29 

- 

- 

- 

*Con{l1tlon$  1-6  are  at  the  90  percent  level  and  7-12  are  at  the  80  percent  level. 
**Total  Loss  during  indicated  tine  period 

£00  -  fnd  of  discharge 
SOC  -  Start-of -charge 
EOC  -  Cnd-of-charge 
£05  -  End-of-stand 

t-6 


A 


J 


wotc/c  ej.7t 


STATI-Or-CIMRCt  EVALUAIIUN  test  data  At  M)*C 
OlLCO-RLNt  2000 
(C  •  93  Ampere-ltourt) 

Bitlery** 

IMtUry  VolUyei  Utter  Lott  (gn. 


Tiaie 

Ampere 

Condition* 

kete 

Ihrti 

Hourt 

£1 

*1 

#3 

Ava^ 

£1 

£2 

£3 

1. 

EOO 

C/lOo 

10.0 

9.54 

12.95 

12.91 

12.93 

12.93 

. 

. 

. 

SOC 

C/33 

13.27 

13.20 

13.24 

13.24 

EOC 

C/33 

6.4 

17.81 

16.11 

16.15 

16.13 

16.13 

15 

16 

17 

EOS 

12.0 

13.18 

13.15 

13.16 

13.16 

3 

* 

2 

2. 

COO 

C/100 

10.0 

9.49 

12.95 

12.91 

12.93 

12.93 

3 

5 

0 

SOC 

C/40 

12.24 

13.20 

13.21 

13.22 

EOC 

C/40 

7.0 

16.25 

16.04 

16.08 

16.05 

16.06 

11 

7 

7 

EOS 

12.0 

13.21 

13.17 

13.19 

13.19 

- 

4 

1 

3. 

COO 

C/100 

10.0 

9.49 

12.95 

12.91 

12.93 

12.93 

SOC 

C/50 

13.20 

13.16 

13.18 

13.18 

EOC 

C/50 

8.8 

16.56 

15.96 

15.99 

15.97 

15.97 

11 

ID 

10 

EOS 

12.0 

13.23 

13.20 

13.20 

13.22 

3 

1 

4 

4. 

EOO 

C/100 

10.0 

9.46 

12.95 

12.91 

12.93 

12.93 

. 

1 

. 

SOC 

C/67 

13.16 

13.12 

13.14 

13.14 

EOC 

C/67 

11.8 

16.25 

15.85 

15.88 

15.66 

15.66 

13 

11 

12 

EOS 

12.0 

13.24 

13.20 

13.22 

13.22 

- 

- 

S. 

EOD 

C/100 

10.0 

9.49 

12.95 

12.91 

12.93 

12.93 

. 

1 

SOC 

C/100 

13.12 

13.08 

13.08 

13.09 

EOC 

C/100 

17.5 

16.15 

15.67 

15.71 

15.69 

15.69 

11 

14 

C 

EOS 

12.0 

13.25 

13.20 

13.22 

13.22 

1 

1 

1 

6. 

EOO 

C/100 

10.0 

9.4B 

12.95 

12.92 

12.93 

12.93 

. 

_ 

SOC 

C/200 

13.07 

13.04 

13.05 

13.05 

EOC 

C/200 

30.1 

13.55 

15.25 

15.27 

15.27 

15.26 

10 

10 

9 

COS 

12.0 

13.24 

13.19 

13.22 

13.22 

• 

1 

• 

7. 

COO 

C/100 

20.0 

18.98 

12.85 

12.81 

12.83 

12.83 

1 

1 

. 

SOC 

C/33 

13.15 

13.13 

13.14 

13.14 

EOC 

C/33 

9.1 

24.46 

16.05 

16.09 

16.07 

16.0’ 

11 

9 

8 

COS 

12.0 

13.32 

13.27 

13.29 

13.29 

2 

1 

4 

e. 

EOO 

C/100 

20.0 

18.97 

12.84 

12.80 

12.82 

12.82 

1 

2 

2 

SOC 

C/40 

13.10 

13.06 

13.06 

13.0t. 

EOC 

C/40 

11.0 

25.18 

15.98 

16.00 

15.99 

15.99 

12 

12 

11 

EOS 

12.0 

13.34 

13.29 

13.32 

13.32 

- 

- 

9. 

EOO 

C/100 

20.0 

18.58 

12.84 

12.80 

12.80 

12.81 

3 

SOC 

C/50 

13.07 

13.03 

13.05 

13.05 

EOC 

C/50 

13.8 

25.44 

15.86 

15.91 

15.90 

15.90 

13 

14 

9 

EOS 

12.0 

13.35 

13.31 

13.33 

13.33 

- 

- 

10. 

EOD 

C/100 

20.0 

18.97 

12.83 

12.79 

12.61 

12.81 

1 

SOC 

C/67 

13.03 

12.99 

13.01 

13.01 

EOC 

C/67 

18.4 

25.19 

15.76 

15.79 

15.78 

15. 7B 

10 

11 

7 

EOS 

12.0 

13.35 

13.31 

13.33 

13.33 

1 

2 

1 

11. 

EOO 

C/100 

20.0 

18.98 

12.63 

12.79 

12.81 

12.81 

2 

1 

SOC 

c/100 

12.98 

12.95 

12.96 

12.96 

EOC 

c/100 

27.5 

25.25 

15.58 

15.62 

15.60 

15.60 

12 

11 

9 

EOS 

12.0 

13.35 

13.31 

13.33 

13.33 

1 

1 

2 

12. 

EOO 

c/100 

20.0 

18.97 

12.82 

12.76 

12.60 

12.80 

1 

2 

SOC 

c/200 

12.93 

12.65 

12.91 

12.90 

EOC 

c/200 

54.0 

24.29 

15.17 

15.22 

15.23 

15.21 

6 

10 

4 

EOS 

12.0 

13.26 

13.26 

13.28 

13.26 

2 

2 

1 

•Conditlonj  1-6  ere  «t  the  90  percent  level  end  7-12  ere  et  the  80  percent  level. 
**1ate1  Loss  during  indiceted  time  period 

EOD  -  End  of  discharge 
SOC  -  Stert-of-chorge 
EOC  -  End-of-cherge 
EOS  -  End-of-stend 


STATC-Or.CHAMGt  [VALUATlUt  US1  DATA  AT  .20*C 
J.  C.  PCNNCT  SURVIVW  72 
(C  •  70  Aiii|>ere>Houri) 


UntC/C  63-71 


Bitury 


bttUry  Voltayei  Udier  Lota  (gm) 


Time 

Ampere 

Condition* 

hour- 

#1 

£2 

#3 

Ava. 

£1 

02 

rj 

1. 

EOD 

C/lOO 

10.0 

7.22 

12.34 

12.38 

12.38 

12.37 

SOC 

C/33 

12.88 

12.95 

12.92 

12.92 

EOL 

C/33 

5.9 

20.99 

16.78 

16.00 

17.01 

16.86 

13 

9 

EOS 

12.0 

13.04 

13.09 

13.08 

13.07 

- 

- 

- 

2. 

EOU 

C/100 

10.0 

7.00 

12.32 

12.36 

12.36 

12.35 

sue 

C/40 

12.75 

12.80 

12.79 

12.79 

toe 

C/40 

7.0 

11.95 

16.73 

16.77 

16.99 

16.83 

13 

14 

C 

EOS 

12.0 

12.98 

13.02 

13.03 

13.00 

- 

- 

- 

3. 

EOD 

C/100 

10.0 

7.23 

12.31 

12.35 

12.35 

12.34 

SOC 

C/50 

12.66 

12.70 

12.69 

12.68 

EOC 

C/50 

8.8 

12.10 

16.60 

16.64 

16.87 

16.70 

10 

13 

h 

EOS 

12.0 

12.99 

13.03 

13.05 

13.02 

- 

2 

- 

4. 

EOD 

C/100 

10.0 

7.02 

12.29 

12.34 

12.34 

12.32 

SOC 

C/67 

12.60 

12.64 

12.64 

12.63 

EOC 

C/67 

11.7 

12.05 

16.53 

16.56 

16.79 

16.63 

7 

10 

i: 

EOS 

12.0 

13.03 

13.06 

13.08 

13.07 

- 

- 

- 

5. 

eoo 

C/lOO 

10.0 

7.16 

12.29 

12.33 

12.33 

12.32 

. 

SOC 

C/100 

12.50 

12.59 

12.58 

12.57 

EOC 

C/100 

16.0 

10.80 

16.38 

16.42 

16.64 

16.48 

6 

6 

5 

EO.' 

12.0 

13.07 

13.10 

13.12 

13.10 

• 

- 

- 

6. 

EOO 

C/100 

10.0 

7.24 

12.28 

12.32 

12.33 

12.31 

SOC 

C/200 

12.48 

12.52 

12.52 

12.51 

EOC 

C/200 

27.8 

9.09 

16.12 

16.15 

16.35 

16.21 

3 

3 

2 

EOS 

12.0 

13.15 

13.19 

13.20 

13.18 

- 

• 

- 

7. 

EOO 

C/100 

20.0 

14.50 

12.23 

12.27 

12.27 

12.26 

* 

SOC 

C/33 

12.68 

12.72 

12.71 

12.70 

EOC 

C/33 

9.1 

19.13 

16.78 

16.80 

17.04 

16.87 

10 

11 

U 

EOS 

12.0 

13.05 

13.00 

13.11 

13.14 

- 

- 

• 

8. 

EOO 

C/100 

20.0 

14.50 

12.20 

12.24 

12.24 

12.23 

SOC 

C/40 

12.60 

12.64 

12.63 

12.63 

EOC 

C/40 

11.4 

19.66 

16.74 

16.77 

17.01 

16.84 

10 

10 

i: 

EOS 

12.0 

13.07 

13.10 

13.14 

13.10 

1 

- 

- 

9. 

EOO 

C/100 

20.0 

14.49 

12.18 

12.22 

12.22 

12.21 

, 

SOC 

C/50 

12.54 

12.59 

12.58 

12.57 

EOC 

C/50 

13.0 

17.93 

16.67 

16.70 

16.94 

16.77 

7 

6 

E 

EOS 

12.0 

13.09 

13.11 

13.15 

13.12 

- 

- 

10. 

EOO 

C/100 

20.0 

14.30 

12.16 

12.20 

12.20 

12.19 

SOC 

C/67 

12.48 

12.52 

12.52 

12.51 

EOC 

C/67 

18.4 

18.95 

16.61 

16.64 

16.88 

16.71 

7 

B 

1 

EOS 

12.0 

13.13 

13.16 

13.20 

13.23 

- 

- 

- 

11. 

EOD 

C/100 

20.0 

14.42 

12.15 

12.19 

12.20 

12.18 

SOC 

C/100 

12.43 

12.47 

12.47 

12.45 

EOC 

C/100 

26.0 

17.62 

16.48 

16.51 

16.74 

16.58 

B 

7 

t 

COS 

12.0 

13.18 

13.21 

13.24 

13.21 

- 

1 

- 

12. 

EOD 

C/100 

20.0 

14.42 

12.14 

12.18 

12.19 

12.17 

1 

SOC 

C/200 

12.35 

12.39 

12.39 

12.38 

EOC 

C/200 

47.0 

16.07 

16.19 

16.23 

16.45 

16.29 

3 

4 

4 

EOS 

12.0 

13.31 

13.35 

13.33 

13.33 

. 

1 

*  Conditions  1-6  arc  at  the  90  percent  level  and  7-12  are  at  the  80  percent  level. 
*•  Total  Loss  during  indicated  time  period 


too  -  tnd-of-discharge 
SOC  -  Start-of-charge 
EOC  -  End-of-charge 
EOS  -  End-of-stand 


E 


a 


WQIC/C  63-76 

STAtl'OT'CHARGl  [VALUATION  TCS1  UATA  AT  50*1 
J.  C.  PINNIY  SURVIVOR  Vc 
(C  •  70  Anpcre-Hours) 

BAllNry** 

BitUry  VolUges  biter  Loti  (g* 

TIae  Aapere 


Condition* 

Rite 

twrt) 

Hours 

#1 

#2 

#3 

Aja^ 

!i 

#2 

1. 

COU 

C/100 

10.0 

7.25 

12.72 

12.75 

12.73 

12.73 

2 

2 

sa 

c/33 

13.09 

13.12 

13.07 

13.05 

LOC 

C/33 

S.t 

12.33 

15.58 

15.60 

15.98 

15.72 

9 

8 

[OS 

12.0 

12.89 

12.93 

12.92 

12.91 

- 

•t 

COL 

C/100 

10.0 

7.25 

12.73 

12.76 

12.70 

12.73 

1 

SOC 

C/4U 

13.11 

13.14 

13.07 

13.10 

toe 

C/40 

7.0 

12.11 

15.54 

15.56 

15.82 

15.64 

8 

11 

lOS 

12.0 

12.89 

12.92 

13.43 

13.06 

- 

3. 

[OH 

C/lOb 

IC.O 

7.24 

12.73 

12.76 

13.05 

12.85 

2 

SOC 

C/50 

13.06 

13.09 

13.37 

13.17 

ca 

C/50 

8.8 

12.11 

15.42 

15.44 

16.00 

15.62 

10 

16 

cos 

12.0 

12.89 

12.93 

12.79 

12.87 

1 

4. 

[Ob 

C/100 

10.0 

7.09 

12.73 

12.76 

12.82 

12.77 

1 

SOC 

C/67 

12.99 

13.02 

13.07 

13.03 

EOC 

C/67 

11.7 

12.05 

15.32 

15.33 

1u./b 

15.48 

9 

12 

EOS 

12.0 

12.90 

12.93 

13.00 

12.94 

- 

5. 

EOO 

C/100 

10.0 

7.23 

12.73 

12.77 

12.81 

12.77 

1 

SOC 

C/100 

12.92 

12.95 

13.00 

12.96 

EK 

C/100 

17.6 

11.94 

15.13 

15.13 

16.24 

15.50 

8 

8 

EOS 

12.0 

12.90 

12.94 

13.24 

13.03 

1 

6. 

EOO 

C/100 

10.0 

7.12 

12.74 

12.77 

12.83 

12.78 

2 

SOC 

C/200 

12.86 

12.89 

12.96 

12.91 

[OC 

C/200 

33.1 

10.95 

14.70 

14.69 

15.09 

14.82 

1 

2 

EOS 

12.0 

12.91 

12.96 

12.95 

12.94 

- 

7. 

COO 

C/100 

20.0 

14.45 

12.68 

12,72 

12.91 

12.77 

1 

1 

SK 

C/33 

12.97 

13.00 

13.18 

13.05 

EOC 

C/33 

9.1 

19.16 

15.73 

15.73 

16.20 

15.89 

10 

9 

EOS 

12.0 

12.96 

13.00 

13.13 

13.03 

• 

• 

e. 

EOO 

C/100 

20.0 

14.50 

12.68 

12.71 

12.78 

12.72 

• 

. 

SOC 

C/40 

12.96 

12.99 

13.04 

13.00 

EOC 

C/40 

11.0 

19.01 

15.65 

15.63 

16.19 

15.82 

7 

11 

EOS 

12.0 

12.98 

13.03 

13.08 

13.03 

• 

- 

9. 

EOO 

C/100 

20.0 

14.49 

12.68 

12.71 

12.71 

12.70 

1 

3 

SOC 

C/50 

12.93 

12.96 

12.95 

12.95 

EOC 

C/50 

13.8 

19.04 

15.52 

15.49 

15.85 

15.62 

8 

11 

EOS 

12.0 

13.00 

13.05 

13.05 

13.03 

- 

- 

10. 

EOO 

C/100 

20.0 

14.47 

12.68 

12.71 

12.82 

12.74 

SOC 

C/67 

12.89 

12.92 

13.02 

12.94 

EOC 

C/67 

18.4 

19.10 

15.37 

15.32 

16.04 

15.58 

3 

7 

EOS 

12.0 

13.01 

13.07 

13.15 

13.08 

1 

2 

11. 

EOO 

C/100 

20.0 

14.48 

12.67 

12.70 

12.68 

12.68 

2 

2 

SOC 

C/100 

12.81 

12.84 

12.81 

12.82 

EOC 

C/100 

28.4 

19.41 

15.14 

15.05 

15.63 

15.27 

5 

11 

EOS 

12.0 

13.04 

13.09 

13.21 

13.11 

- 

1 

12. 

EOO 

C/100 

20.0 

15.01 

12.67 

12.70 

12.76 

12.71 

3 

SOC 

C/200 

12.79 

12.81 

12.88 

12.83 

EOC 

C/200 

41.0 

13.68 

13.42 

13.43 

13.61 

13.49 

1 

6 

EOS 

12.0 

13.02 

13.04 

13.15 

13.07 

- 

- 

•Conditions  1-6  ire  it  tne  90  percent  level  ind  7-17  ire  It  the  80  percent  level. 
••Totil  Loss  during  indicited  time  period 

[00  -  [nd  of  dischirge 
SOC  -  Stirt-of-chirge 
[OC  -  End-of-thirge 
COS  -  Cnd-of-stind 


*[C/t  C3-7!. 

SlAtC-or.CHAKCt  CVALUATIOM  TCSl  MTA  AT  -ZO'C 
GlObI  UNION  Cl  1?!iSb 
(I  •  bfe  Anipttrt-'Huuri) 

Bitlery** 

batUiry  Voluget  Uaier  Losv  ({yn) 


Tla* 

Amiiara 

tpndiy  w* 

Rate 

Meiurs 

£1 

02 

£3 

*1!1L 

£2 

r 

1.  EOb 

C/100 

10.0 

6.0 

12.42 

12.44 

12.42 

12.43 

. 

SOI 

C/33 

13.17 

13.20 

13.17 

13.1b 

LOl 

1/33 

7.0 

17.60 

16.35 

16.45 

16. 3t 

16.39 

14 

15 

li 

COS 

12.0 

13.22 

13.26 

13.22 

13.23 

1 

• 

• 

2.  EOb 

C/100 

10.0 

6.00 

12.37 

12.39 

12.37 

12.38 

» 

SOI 

C/40 

12.89 

12.91 

12.90 

12.90 

Eo: 

C/4C 

7.0 

9.9b 

16.30 

16.39 

16.33 

16.34 

ID 

10 

1 

EOS 

12.0 

13.13 

13.17 

13.14 

13.15 

- 

- 

- 

3.  EOl 

C/lOb 

10.0 

6.00 

12.35 

12.37 

12.35 

12.36 

1 

SOC 

C/SO 

12.72 

12.74 

12.74 

12.74 

COl 

C/50 

8.8 

10.12 

16.19 

16.28 

16.21 

16.23 

9 

n 

1  • 

EOS 

12.0 

13.14 

13.17 

13.14 

13.15 

2 

- 

• 

4.  EOO 

C/100 

10.0 

6.01 

12.34 

12.35 

12.34 

12.34 

SOC 

C/67 

12.66 

12.67 

12.67 

12.66 

EOC 

C/67 

11.7 

10.00 

16.12 

16.22 

16.15 

16.16 

6 

9 

i 

EOS 

12.0 

13.16 

13.20 

13.16 

13.17 

- 

- 

• 

S.  EOb 

C/100 

10.0 

6.00 

12.33 

12.35 

12.33 

12.34 

SOC 

C/100 

12.61 

12.62 

12.61 

12.61 

EOC 

C/100 

16.0 

9.22 

15.99 

16.09 

16.02 

16.03 

4 

4 

t 

EOS 

12.0 

13.18 

13.22 

13.18 

13.19 

• 

• 

• 

6.  EOC 

C/100 

10.0 

6.00 

12.34 

12.35 

12.34 

12.34 

SOC 

c/200 

12.55 

12.57 

12.56 

12.56 

EOC 

C/200 

27.0 

7.44 

15.73 

15.82 

15.75 

15.77 

2 

1 

• 

EOS 

12.0 

13.20 

13.24 

13.21 

13.22 

• 

- 

- 

7.  EOO 

C/100 

20.0 

12.00 

12.22 

12.24 

12.23 

12.23 

. 

1 

SOC 

C/33 

12.63 

12.65 

12.65 

12.65 

EOC 

C/33 

9.1 

15.91 

16.39 

16.47 

16.43 

16.43 

7 

10 

1] 

EOS 

12.0 

13.13 

13.17 

13.14 

13.15 

• 

- 

8.  EOO 

C/100 

20.0 

12.00 

12.19 

12.21 

12.19 

12.20 

SOC 

C/40 

12.56 

12.57 

12.57 

12.57 

EOC 

C/40 

11.4 

16.27 

16.34 

16.43 

16.40 

16.39 

7 

e 

E 

EOS 

12.0 

13.14 

13.17 

13.14 

13.15 

- 

• 

1 

9.  EOO 

C/100 

20. 0 

12.00 

12.16 

12.20 

12.19 

12.19 

SOC 

C/50 

12.51 

12.52 

12.52 

12.52 

EOC 

C/50 

13.9 

16.00 

16.30 

16.39 

16.36 

16.35 

4 

3 

1 

EOS 

12.0 

13.14 

13.18 

13.15 

13.16 

- 

- 

- 

10.  EOO 

C/100 

20.0 

12.00 

12.17 

12.19 

12.18 

12.18 

SOC 

C/67 

12.46 

12.48 

12.47 

12.47 

EOC 

C/67 

18.4 

15.67 

16.24 

16.32 

16.28 

16.28 

5 

5 

1 

EOS 

12.0 

13.15 

13.19 

13.16 

13.17 

- 

- 

- 

11.  EOO 

C/100 

20.0 

12.00 

12.17 

12.19 

12.18 

12.18 

. 

SOC 

C/100 

12.42 

12.44 

12.43 

12.43 

EOC 

C/100 

26.0 

14.99 

16.10 

16.19 

16.14 

16.14 

3 

3 

3 

EOS 

12.0 

13.17 

13.21 

13.18 

13.19 

- 

- 

- 

12.  EOO 

C/100 

20.0 

12.00 

12.17 

12.19 

12.18 

12.18 

. 

SOC 

C/200 

12.38 

12.40 

12.39 

12.39 

. 

. 

1 

EOC 

C/200 

49.0 

13.51 

15.78 

15.90 

15.80 

15.83 

1 

. 

3 

EOS 

12.0 

13.20 

13.25 

13.22 

13.22 

- 

- 

•Conditions 

1*6  are 

at  the  90  percent 

level 

and  7*12 

are  at 

the  80  . 

•creent 

level . 

**Tnt«1  Loss  during  Indiciled  time  period 


t03  -  End  of  discharge 
SOC  -  Slarl-of-charge 
toe  -  tnd-of-charge 
EOS  -  End-of-stand 


t-10 


Wf)fC/C  £3-7'- 


STATt-Or-ttlAHCt  CVALUA1I0N  TEST  W7A  AT  iO-C 
blUbC  UNlWi  bC  l^&SO 
(C  •  iiO  AniJtfrfe-Hours) 

b*tvery*» 

bittery  Vo1U9«»  uairr  Lost  (911. 


Time 

Ampere 

!1 

Avg. 

£1 

loiidition* 

Rj^te 

Hours 

£1 

12 

#1 

1.  EOti 

C/lOU 

10.0 

6.01 

12.76 

12.79 

12.79 

12.76 

1 

2 

sue 

C/33 

13.09 

13.10 

13.12 

13.10 

EOL 

C/33 

S.b 

10.34 

IS. 32 

15.41 

IS. 52 

15.39 

3 

2 

EOS 

12.0 

13.03 

13. OS 

13. OS 

13.04 

1 

1 

2.  EOD 

-C/lOO 

10.0 

6.00 

12.77 

12.79 

12.80 

12.79 

- 

SOC 

C/40 

13.06 

13.0b 

13.09 

13.07 

EOC 

C/40 

7.0 

10.01 

IS. 23 

IS. 36 

15.47 

15.35 

2 

3 

COS 

12.0 

13.03 

13.  OS 

13.05 

13.04 

1 

2 

3.  EOU 

C/100 

10.0 

6.00 

12.77 

12.80 

12.80 

12.79 

1 

'1 

4 

SOC 

C/SO 

13.02 

13.03 

13.05 

13.03 

EOC 

C/SO 

B.S 

10.12 

IS. 04 

15.23 

15.35 

15.21 

4 

2 

EOS 

12.0 

13.03 

13.04 

13.05 

13.04 

1 

4.  EOD 

C/lOO 

10.0 

6.00 

12.77 

12.80 

12.81 

12.79 

1 

SOC 

C/67 

12.97 

12.99 

13.00 

12.99 

EOC 

C/67 

11.7 

10.00 

14.71 

15.06 

15.18 

14.96 

4 

2 

EOS 

12.0 

13.03 

13.05 

13.05 

13.04 

S.  EOD 

(.."00 

10.0 

6.00 

12.77 

12.80 

12.81 

12.79 

1 

SOC 

c.".'00 

12.92 

12.95 

12.96 

12.94 

EOC 

f/ioo 

17.6 

10.10 

14.33 

14.70 

14.90 

14.64 

1 

4 

EOS 

12.0 

13.02 

13.04 

13.04 

13.03 

1 

1 

6.  EOU 

C/lOO 

10.0 

6.00 

12.77 

12.80 

12.61 

12.79 

1 

SOC 

C/20Q 

12.88 

12.91 

12.92 

12.90 

EOC 

C/200 

23.0 

6.61 

13.36 

13.37 

13.40 

13.37 

1 

EOS 

12.0 

13.01 

13.03 

13.04 

13.03 

7.  EOD 

C/1 00 

20.0 

12.00 

12.69 

12.72 

12.72 

12.71 

SOC 

C/33 

12.96 

12.98 

12.99 

12.98 

EOC 

C/33 

9.1 

16.03 

15.22 

15.45 

15.53 

15.40 

3 

3 

EOS 

12.0 

13.04 

13.06 

13.06 

13.05 

8.  EOD 

C/100 

20.0 

12.00 

12.68 

12.71 

12.71 

12.70 

1 

SOC 

C/40 

12.90 

12.93 

12.93 

12.92 

3 

4 

EOC 

C/40 

11.0 

IS. 68 

14.92 

15.26 

15.27 

15.15 

COS 

12.0 

13.05 

13.07 

13.07 

13.06 

9.  EOO 

C/100 

20.0 

11.97 

12.66 

12.71 

12.71 

12.70 

1 

SOC 

C/SO 

12.87 

12.90 

12.90 

12.88 

EOC 

C/50 

13.8 

15.87 

14.72 

15.10 

15.24 

15.02 

2 

3 

EOS 

12.0 

13.05 

13.07 

13.07 

13.06 

10.  EOO 

t/100 

20.0 

12.00 

12.68 

12.71 

12.71 

12.70 

1 

2 

SOC 

C/67 

12.83 

12.87 

12.87 

12.85 

EOC 

C/67 

18.4 

IS. 64 

14.46 

14.85 

15.04 

14.78 

2 

EOS 

12.0 

13.04 

13.06 

13.07 

13.06 

11.  EOO 

C/100 

20.0 

11.92 

12.67 

12.71 

12.71 

12.70 

SOC 

C/100 

12.80 

12.84 

12.84 

12.82 

EOC 

C/100 

28.4 

16.21 

13.79 

13.96 

13.99 

13.92 

2 

EOS 

12.0 

13.03 

13.06 

13.06 

13.05 

12.  EOO 

c/100 

20.0 

11.89 

12.66 

12.71 

12.71 

12.69 

SOC 

c/200 

12.76 

12.80 

12.80 

12.79 

EOC 

C/200 

41,0 

11.62 

13.27 

13.31 

13.31 

13.30 

3 

2 

EOS 

12.0 

12.97 

13.01 

13.01 

13.00 

- 

•Conditions 

1-6  are 

at  the  90  percent 

level 

and  7-12 

are  at 

the  80  ; 

■rcent 

level . 

**Tota1  Loss  during  Indicated  time  period 


EDO  •  End  of  discharge 
SOC  -  Start-of-charge 
EOC  -  End-of-charge 
EOS  -  End-of-stand 
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STAIE-Or -CHARGE 

evaluation  test  data  at 

-20*t 

lV- 

RIFE  -  NtCKCE-CAUMIUH  • 

L- 302-2 

k.'.' 

(C 

•  55  Ampere-Hours) 

w  *  ^ 

L'-  ■ 

Battery** 

BiiUry  VoiUoei 

Naur  ibss.  (uk) 

Time 

Ampere 

m 

Condition* 

Rate 

(tirt) 

Hours 

11 

42 

43 

*vo. 

«1 

42 

■■ 

1.  COD 

C/10(l 

10.0 

S.77 

13.37 

13.34 

13.37 

13.34 

SOC 

C/33 

13.85 

13.82 

13.86 

13.84 

EOC 

C/33 

S.B 

9.61 

17.64 

17.59 

17.66 

17.61 

5 

5 

1 

,■ 

COD 

12.0 

14.29 

14.19 

14.22 

14.23 

1 

■: 

2.  COD 

C/100 

10.0 

5.75 

13.34 

13.31 

13.34 

13.33 

9 

SOC 

c/40 

13.79 

13.75 

13.80 

13.78 

OM 

EOC 

C/40 

7.0 

9.51 

17.55 

17.50 

17.51 

17.52 

7 

7 

E 

1 

EOS 

12.0 

14.32 

14.21 

14.25. 

14.26 

- 

3.  EOD 

C/100 

10.0 

5.75 

13.33 

13.30 

13.34 

13.32 

1 

i  •  . 

SOC 

C/SO 

13.75 

13.71 

13.75 

13.74 

.  '  > 

EOC 

C/50 

B.B 

9.68 

17.45 

17.41 

17.41 

17.42 

6 

3 

< 

■7^' 

EOS 

12.0 

14.35 

14.24 

14.27 

14.29 

4 

4 

m 

4.  EOD 

C/100 

10.0 

5.75 

13.33 

13.31 

13.34 

13.33 

1 

2 

• 

SOC 

C/67 

13.69 

13.66 

13.70 

13.69 

EOC 

C/67 

11. e 

9.49 

17.30 

17.27 

17.27 

17.28 

4 

5 

E 

EOS 

12.0 

14.36 

14.27 

14.29 

14.32 

4 

2 

»' 

S.  EOD 

C/100 

10.0 

5.74 

13.34 

13.30 

13.34 

13.32 

2 

2 

'  ^ 

SOC 

C/100 

13.63 

13.59 

13.64 

13.62 

EOC 

C/100 

16.1 

8.87 

17.12 

17.09 

17.09 

17.10 

7 

5 

c 

'  • 

EOS 

12.0 

14.38 

14.26 

14.28 

14.31 

1 

A 

-•7 

6.  EOD 

C/100 

10.0 

5.75 

13.32 

13.29 

13.22 

13.28 

1 

• 

SOC 

C/200 

13.53 

13.50 

13.36 

13.52 

4 

EOC 

C/200 

26.0 

7.39 

16.78 

16.76 

16.76 

16.77 

3 

2 

• 

m 

EOS 

12.0 

14.46 

14.31 

14.36 

14.38 

1 

2 

2 

7.  £00 

C/100 

20.0 

11.50 

13.07 

13.04 

13.07 

13.06 

1 

2 

1 

SOC 

C/33 

13.55 

13.51 

13.56 

13.54 

EOC 

C/33 

9.0 

15.00 

17.72 

17.67 

17.66 

17.68 

8 

4 

E 

. 

EOS 

12.0 

14.37 

14.24 

14.25 

14.29 

1 

2 

1 

B.  EOD 

C/100 

20.0 

11.41 

13.05 

13.02 

13.05 

13.04 

SOC 

C/40 

13.50 

13.47 

13.51 

13.49 

EOC 

C/40 

11.0 

14.94 

17.63 

17.58 

17.57 

17.59 

9 

8 

1: 

'-V 

EOS 

12.0 

14.48 

14.36 

14.34 

14.40 

1 

- 

9.  EOD 

C/100 

20.0 

11.49 

12.71 

12.69 

12.72 

12.71 

2 

SOC 

C/50 

15.12 

13.09 

13.13 

13.11 

EOC 

C/50 

13.8 

14.62 

17.33 

17.30 

17.28 

17.31 

3 

3 

. 

■*•  , 

EOS 

12.0 

14.62 

14.46 

14.49 

14.53 

- 

• 

10.  EOD 

C/100 

20.0 

11.48 

12.83 

12.80 

12.84 

12.82 

SOC 

C/67 

13.20 

13.18 

13.22 

13.20 

•—r-- 

EOC 

C/67 

18.4 

15.03 

17.32 

17.28 

17.27 

17.29 

4 

3 

. 

.*■  , 

EOS 

12.0 

14.57 

14.42 

14.42 

14.47 

4 

- 

- 

11.  EOD 

C/100 

20.0 

11.46 

12.91 

12.89 

12.92 

12.91 

2 

.-,  . 

SOC 

C/100 

13.23 

13.20 

13.25 

13.22 

EOC 

C/100 

26.0 

14.07 

17.16 

17.13 

17.12 

17.14 

3 

3 

3 

EOS 

12.0 

14.55 

14.43 

14.40 

14.46 

1 

1 

• 

■1 

12.  EOD 

C/100 

20.0 

11.48 

12.93 

12.90 

12.94 

12.92 

. 

SOC 

C/200 

13.16 

13.13 

13.16 

13.15 

T.  ^ 

EOC 

C/200 

47.0 

12.18 

16.81 

16.81 

16.78 

16.80 

6 

3 

3 

EOS 

12.0 

14.53 

14.42 

14.39 

14.44 

2 

1 

•Conditions 

-6  are  at  the  90  percent  level  and  7>12 

are  at  the  80  percent 

level. 

••Total  Loss 

during  Indicated  tine  period 

' 

EOD  -  End  of  discharge 

SOC  -  Start-of-charge 
EOC  -  End-of-charge 

EOS  -  End-of 

stand 

IZ 
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(I  >  Ap*t>*r*-Huun) 


MIC  C/C  (D-n 


IHtUry** 


Tliar 

Ampere 

Condition* 

hau 

iMrti 

l^urs 

#1 

n 

#3 

11 

1. 

EOD 

C/IX 

10.0 

5.50 

12.79 

12.76 

12.79 

12.78 

1 

SOC 

C/33 

13.x 

13.M 

13.x 

13.x 

EOC 

C/33 

6.4 

10.52 

15.07 

15.04 

15.x 

15. K 

9 

EOS 

12.0 

13.53 

13.51 

13.54 

13.52 

3 

2. 

EOO 

C/IX 

10.0 

5.50 

12.77 

12.74 

12.77 

12.76 

SX 

C/40 

12.95 

12.92 

12.H 

12.94 

EX 

C/40 

7.0 

9.54 

14.96 

14.93 

14.98 

14.x 

9 

EOS 

12.0 

13.51 

13.49 

13.52 

13.52 

2 

3. 

EX 

C/IX 

10.0 

5.M 

12.75 

12.72 

12.76 

12.74 

1 

SX 

C/50 

12.92 

12.x 

12.93 

12.91 

EX 

C/X 

9.0 

9.84 

14.x 

14. M 

14.89 

14.x 

7 

EOS 

12.0 

13.46 

13.48 

13.52 

13.49 

3 

4. 

EX 

C/IX 

10.0 

5.37 

12.74 

12.70 

12.74 

12.73 

SX 

C/67 

12.89 

12.x 

12. X 

12.x 

EX 

C/67 

11.7 

9.48 

14.72 

14.72 

14.77 

14.73 

7 

EX 

12.0 

13.46 

13.45 

13. M 

13.47 

5. 

EOO 

C/IX 

10.0 

5.74 

12.72 

12.69 

12.73 

12.71 

SX 

c/tx 

12.x 

12.83 

12.87 

12.x 

EX 

C/IX 

17.5 

9.60 

14.55 

14.55 

14.58 

14.x 

B 

EX 

12.0 

13.43 

13.41 

13.47 

13.44 

6. 

EOD 

C/IX 

10.0 

5.x 

12.71 

12.68 

12.72 

12.x 

SX 

C/2X 

12.83 

12.x 

12.x 

12.82 

EX 

C/2X 

29.0 

7.50 

14.x 

14.28 

14.33 

14.31 

5 

EOS 

12.0 

13.29 

13.29 

13.38 

13.32 

7. 

EX 

C/IX 

20.0 

11.48 

12.67 

12.64 

12. 6E 

12.66 

SX 

C/33 

12. K 

12.x 

12.x 

12.87 

EX 

C/33 

9.1 

15.x 

15.02 

14.99 

15.04 

15.02 

5 

EX 

12.0 

13.49 

13.47 

13.55 

13. M 

1 

8. 

EX 

C/IX 

20.0 

11.47 

12.66 

12.63 

12.67 

12.65 

N/A 

SX 

C/40 

12.85 

12.82 

12. K 

12. M 

EX 

C/40 

9.0 

14.77 

14.98 

14.95 

15.x 

14.98 

N/A 

EX 

12.0 

13.53 

13.x 

13.54 

13.51 

N/A 

9. 

EOO 

C/IX 

20.0 

11.29 

12.65 

12.62 

12.66 

12.64 

H/A 

SX 

C/M 

12.82 

12.79 

12.83 

12.82 

EX 

C/M 

13.8 

15.12 

14.91 

14.87 

14.92 

14.90 

tl/A 

EOS 

12.0 

13.52 

13.45 

13.53 

13. M 

N/A 

10. 

EX 

C/1X 

20.0 

11.47 

12  64 

12.61 

12.65 

12.63 

N/A 

SX 

C/67 

12.x 

12.77 

12.81 

12.79 

EX 

C/67 

18.4 

11.75 

14.x 

14.75 

14.81 

14.78 

N/A 

EOS 

12.0 

13.48 

13.42 

13.50 

13.47 

N/A 

11. 

EOD 

c/ix 

20.0 

11.47 

12.63 

12.60 

12.63 

12.62 

N/A 

SX 

c/ix 

12.78 

12.74 

12.78 

12.77 

EX 

c/ix 

26.0 

14.21 

14.60 

14.44 

14.61 

14.55 

N/A 

EOS 

12.0 

13.41 

13.37 

13.45 

13.41 

N/A 

12. 

EOD 

C/IX 

20.0 

11.49 

12.61 

12.57 

12.62 

12.60 

N/A 

SOC 

C/2X 

12.74 

12.71 

12.75 

12.73 

EX 

C/2X 

M.O 

13.69 

14.37 

14.23 

14.39 

14.33 

N/A 

EOS 

12.0 

13.23 

13.25 

13.x 

13.26 

H/A 

•CondUloni  1-6  ire  it  the  90  rertent  level  and  7-12  are  at  the  80  percent  level. 
**Total  Lots  during  Indicated  time  period 

COD  -  End  of  discharge 
SOC  -  Start-of -charge 
EOC  -  End-of-charge 
EOS  -  End-of-stand 
N/A  -  Hot  Applicable 
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APPENDIX  F 

FAILURE  ANALYSIS  RESULTS 
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WILLARD  (Cycled)  DD-3-3 
UlABattery  II  -  Cell  3 


Sulfation  of  Negative  plate 
Photograpti  #  1 


F-3 


V' 


WILLARD  (Cycled)  DD-3-3 
UlA-Battery  #  1  -  Cell  3 


Shedding  of  positive  material,  gl 
mat  adhered  to  positive  plate 
Photograph  #  2  '■ 

F-4 


WILLARD  (Cycled  DD-3-3 
112A- Battery  *  3  -  Cell  3 


Shedding  of  positive  material 
Photograph  s  6 
F-B 


MILLARD  (Cycled)  DO-3-3 
U2A-Battery  #  3  -  Cell  3 


Slight  sulfation  of  negative  plate 
Photograph  #  5 


WILLARD  (Cycled  DD-3-3 
U2A-Battery  #  3  -  Cell  3 


Shedding  of  positive  material 
Photograph  6 
F-8 


HILLARD  (Cycled)  DD-3>3 
U2B  -  Cell  1 


Slight  sulfation  of  negative  plate 
Photograph  #  7 


WILLARD  (Cycled)  DD-3-3 
U2B  -  Cell  1 


Shedding  of  positive  mater 
Photograpn  #  8 

r-io 
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TEST  FACILITIES 


A.  ENVIRONMENTAL  CHAMBERS 

The  ambient  test  temperatures  or  -20®C  and  50“C  were  maintained  by 
environmental  chambers  with  temperature  controls  accurate  to  within  +1.5®C. 

B.  AUTOMATIC  DATA  ACQUISITION  AND  CONTROL  SYSTEM  (ADACS) 

1 .  Summary: 

a.  The  system  has  the  capability  of  testing  256  packs  with  3000 
channels  available  for  data  input  from  these  packs. 

(1)  Each  battery  type  was  placed  into  a  pack  configuration,  with 
the  3  batteries  in  series,  in  which  each  pack  had  its  own  power  supply  with 
its  corresponding  system  interface,  remotely  programmed  by  the  system  to 
provide  its  test  requirements.  During  test,  the  system  routinely  scans 
each  pack's  data  every  2.4  minutes  and  compares  each  data  point  (voltage, 
temperature)  with  programmed  limits  to  insure  that  the  test  items  meet  test 
specifications.  If  the  parameter  is  out  of  limits  the  system  will  initiate 
and  alarm  and  also  type  out  a  message  identifying  which  pack's  parameter 
was  out  of  limits. 

(2)  As  data  is  being  scanned,  it  is  recorded  on  magnetic  tape  and 
also  on  a  teletype,  in  report  form,  if  requested. 

(3)  The  system  was  designed  to  provide  an  accuracy  of  1.0  millivolt 
on  directly  read  data  and  cell  voltages.  The  accuracy  of  temperature  (thermistor) 
measurements  are  0.05°C. 

b.  The  system  is  organized  into  three  functional  hardware  groupings 
as  follows. 


(1)  Computer  and  computer  peripherals: 

(a)  Honeywell  316  computer  and  options; 

(b)  Two  ASR15  heavy  duty  teletypes; 

(c)  Honeywell  316-50  high  speed  paper  tape  reader  and  spooler; 

(d)  Datum,  Inc.,  Model  5091-H316  magnetic  tape  I/O  system  with 
two  tape  transports; 

(e)  Datum,  Inc.,  Model  6078-H316  mass  memory  system  with  131,000 
word  drum  memory; 

(f)  Tally,  Model  2200  line  printers; 

(g)  Texas  Instruments  Silent  700  Deck  Printer. 
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(2)  Auxiliary  digital  functions  include: 

(a)  Real-time  clock,  system  shut-down  timer  and  alarm  circuits, 
and  mediun- speed  analog  input  subsystem; 

(b)  Two  John  Fluke,  Model  8300-A  digitizers; 

(c)  3000- channel  reed  relay  scanner. 

(2)  Control  subsystem: 

(a)  256  control  channels  providing  the  digital -to- resistance 
conversion  and  control-relay  outputs  to  the  interface  between  the  system  and 
the  test  items. 

2.  Measurements: 

a.  Currents  are  measured  by  sampling  the  voltage  drop  across  a  low- 
resistance  shunt  of  100  MV  full  current  value.  Through  output  measurement, 
error  of  the  shunt  voltage  is  1  millivolt  maximum. 

b.  Cell  and  ambient  temperatures  are  measured  by  sampling  the  output 
of  a  thermistor  bridge  driven  by  an  excitation  voltage.  The  temperature  range 
is  -30°C  to  +70“C  and  is  resolved  in  increments  of  0.1“C,  with  an  error  or  less 
than  0,  OS^C,  resulting  from  linearity. 

c.  Battery  voltages,  which  exceed  10  volts,  are  attenuated  by  resistors 
to  the  extent  that  the  scanner  system  measures  a  maximum  of  10  volts. 

3.  Calibration: 

a.  The  system  was  designed  for  a  maximum  throughput  measurement 
error  of  1.0  millivolt. 

b.  The  digitizers  are  routinely  calibrated  off-line;  and,  when  on-line, 
are  compared  with  a  secondary  standard  reference  voltage  each  scan  to  insure 
maximum  system  accuracy. 

C.  INTERFACE  CONTROLS 

The  control  units  for  charge  and  discharge  of  ten  cells  are  controlled  by 
the  relays  on  the  Digital  to  Resistance  (D/R)  cards  of  the  ADACS.  The  D/R 
cards  can  control  the  voltage  and  current  on  a  power  supply  up  to  1/256  of 
current  or  voltage  required. 

D.  WEIGHT  MEASUREMENTS 

1.  Water-loss  was  measured  utilizing  a  Toledo  Scale  Weighting  System  which 
consisted  of: 
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a.  Six,  1985  Base  and  Platform  Assemblies 

b.  Model  132  Scale  Selector 

c.  Model  8130  Digital  Indicator 

d.  Model  131  Tare  Assembly 

2.  System  was  designed  and  calibrated  for  an  accuracy  of  +  1.0  gram. 
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